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The Course of Oil 


By K. C. SCLATER 








Authoritative The development of so-called distil- 
Data to Be late fields, most of which are of 
Published recent discovery, has accentuated 


the need for fundamental data re- 
garding natural gas and other hydrocarbons and their 
behavior at extremely high pressure. In these fields the 
pressures encountered are great enough that natural 
gas departs appreciably from ideal gas laws. This poses 
a problem. 

Other problems arise concerning solubility and 
shrinkage. These are important in the estimation of 
natural gas and crude oil reserves. 

In an effort to supply some of these fundamen:al 
data and foster their application in practice, The Petro- 
leum Engineer will publish a series of articles by Dr. 
George Granger Brown, an authority on this subject. 
The first article of the series appears in this issue. 

It is hoped before the series is over to provide help- 
ful data on such subjects as the equilibrium between 
liquid and vapor phases of natural gasoline hydrocar- 
bons, the computation of liquid-vapor separation, the 
design of fractionating columns for rectifying natural 
gasoline, the direct fractionation of natural gas, and 
high-pressure polymerization. 


Refining So great is the progress in refining 
Technology _ Practice these days that it is difficult 
Series to keep up with the many new ad- 


| vances. A series of articles on refin- 
ing technology will therefore be presented throughout 
1940. This series will be prepared by Arch L. Foster, 
an authoritative writer on petroleum refining subjects. 
The first article in the series appears in this issue. 
The series of articles will deal with the latest devel- 
opments in modern petroleum refining technology, 
thus affording readers a valuable purview of this field. 


Aids in For those who would produce their 
Development wells wisely and efficiently, a knowl- 
Problems edge of the properties of the reser- 


voir fluids being produced is helpful, 
if not essential. Contrary to prevailing opinion, the 
determination of these properties is not so difficult that 
it cannot be made by the average operator. 

Those who seek enlightenment on what properties 
of reservoir fluids are important in production practice, 
how they are determined, and how the information 
may best be applied to production problems, are re- 
ferred to a recent government publication (U. S. 
Bureau of Mines, Report of Investigations 3474, on 
“Properties of a Petroleum-Reservoir Liquid and Its 
Residua with Application of the Data to Production 
Problems”), which may be obtained at nominal cost 
from the Superintendent of Documents, Washington, 
D.C. 

It describes the equipment and the method of pro- 
cedure used in procuring and testing samples of reser- 
voir fluids, and illustrates by examples the practical 
application of the data after they are obtained. 

In discussing the possible effect of changing fluid 








properties on pressure gradient in the formation, the 
authors point out that “it is important that the engi- 
neer consider possible changes in the reservoir-fluid 
properties before attempting to plan the well spacing 
that will accomplish the desired results. Although the 
average reservoir presents a complexity of factors that 
make the problem of well spacing and optimum pro- 
duction rates difficult, there is ample justification for 
obtaining information on the specific volume, viscos- 
ity, and other properties of reservoir fluids and deter- 
mination of the relation between these properties and 
the effective permeability of the producing formation.” 

An important observation is made also with regard 
to energy and decline of reservoir pressure: “Produc- 
tion engineers are concerned with the decrease in 
energy that occurs as reservoir pressures decline because 
the methods and rates of recovery depend on this fac- 
tor. The energy available by expansion of reservoir 
fluids having compositions corresponding to three 
stages of depletion were estimated from experimental 
data obtained from residua of the original fluid.” 

The value of this report lies in the fact that it deals 
with the practical application of technical data to some 
fundamental problems of oilfield development that 
concern nearly all operators. 


Electric Of all scientific inventions that have 
Logs in come to the aid of oilfield develop- 
Drilling ment, none surpasses electrical log- 


ging in importance and practical 
value. Ten years ago it was introduced into the oilfields 
of the United States. Today it is an essential in modern 
drilling operations. 

Electric logs established their usefulness overnight 
because the value of the data they yielded was imme- 
diately recognized; further, the data were in tangible 
form. They give a picture of the formations penetrated, 
their character and characteristics. Electric logs can 
reveal with an uncanny degree of accuracy the pres- 
ence and location of oil-bearing formations exposed in 
the hole. They are perhaps the greatest aid to deep 
drilling operations at present in use. 

Despite this fact, means to improve electrical log- 
ging methods are being sought, and innovations in this 
art are of immediate interest to the entire industry. 

One such innovation, the subject of an article in this 
issue, is a new system designed to provide a continuous 
electric log of the well while drilling. Information 
regarding the formations being penetrated by the bit 
are instantly available on a chart at the wellhead. 
Therein it differs from conventional electrical logging 
methods in use. 

The conductor used is, in effect, an integral part of 
the drill stem. Six wells have been drilled to test the 
practicability of the system and its mechanical equip- 
ment. 

Should the system prove as successful as it gives 
promise of being, it will enhance the value of the elec- 
tric log—an already priceless tool. 
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That Bring Long Life To 


“HERCULES” Hed-Strand Wire Rope 


Consistent top-flight performance is never a matter of chance, and the year by year 
record of dependable field service that “HERCULES” (Red-Strand) Wire Rope 
has established is due to our strict adherance to all details of manufacture. These 
details start with the selection of proper materials, and they follow through until 
the last test and inspection has been made and approved by experienced workmen. 


na 





Because nothing is left to chance in the manufacture of “HERCULES” (Red-Strand) 
Wire Rope, you can depend on it for longer life ... lower operating costs... more 
satisfaction. Why not give it a trial? 


_. 


HERCULES” Rotary Lines are available in both Round Strand and Flattened Strand 
construction — either Standard or Preformed 
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// 901 Century Bldg. tab Lake Charles, Louisiana hase. Wenn, Hattenen, © 
GUSTIN-BACON re co. NORTH TEXAS HARDWARE CO., INC. a 
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: F. HAMILTON CO. Beaumont, Corpus Christi, Fort Worth pont a Rae 
Bradford, Pennsylvania iicesesm, Wianeian” Seon WESTERN MACHINERY COMPANY 
HERCULES SUPPLY COMPANY Shreveport, Lake Charles, Louisiana Salem, Iil., Evansville, Ind. 
Ft. Worth, Corpus Christi, rc. Houston PARKERSBURG surrey COMPANY E ‘xport Distributor 
2441 Hunter St., Los Angeles, Calif. UNION PIPE AND > SUPPLY CO., INC. CONTINENTAL EMSCO COMPANY, INC. 
KIMBELL-BOSTIC SUPPLY CO., INC. Savadines, teatete 30 Rockefeller Plaza, New York, N. Y. 
Wichita Falls, Texas Branches: Buenos Aires, London, Ploesti 
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HIGHLIGHTS IN OILDOM » » 





East Texas Bottom- 
Hole Pressure 


Dr. F. V. L. Patten, director of 
production for the Texas Rail- 
. road Commission, states that the 
Shows Decline January 8 bottom-hole pressure 
of 5.9 Lb. tests for the East Texas field 
showed a decline since December 8 of 5.9 lb., lowering the 
average per sq. in. to 1060.5 lb. During the period from No- 
vember 8 to December 8 the pressure decline was 4.4 lb. 

The latest readings brought the commission’s figures for 
the two-month period in line with those of the East Texas 
Engineering Association, which tests approximately 1300 
wells compared to 91 by the commission. Dr. Patten said 
that the association, which makes its tests on different days 
than the commission, had recorded a decline of 8 lb. in No- 
vember and 2 lb. in December, a total of 10 lb. The com- 
mission’s figures of 4.4 lb. for November was at variance 
with the association’s figure, but the total of the two bodies 
for the two-month period was virtually the same. 

The decline during December, both with respect to the 
total allowable and on a basis of per 1,000,000-bbl. allow- 
able, was greater than in November, according to the com- 
mission’s tests. For the period ended December 8 the decline 
was slightly more than one-third Ib. per 1,000,000 bbl. allow- 
able, whereas in the period ended January 8 the decline was 
slightly less than one-half bbl. per 1,000,000 bbl. allowable. 


— . Governor Henry Horner’s pro- 
Illinois Regulation posed bill regulating Illinois’ oil 


Bill is Prepared industry, which is to be presented 


to the forthcoming special session of the legislature, has been 
submitted to the attorney general for a technical checkup, 
it has been learned. 

Detailed contents of the measure were not revealed, but it 
is believed it will deal principally with proration and a tax 
on the state industry. Many think it to be a revised version 
of the earlier proposed measure drafted by the legislative 
committee that toured the Illinois oil fields to study con- 
ditions. o 


Crude oil prices in the Pennsyl- 
Oil Prices vania — — — 
. vania, West Virginia, southeast 
Again Advanced Ohio, and Plo: einai New 
York have again been advanced, the seventh increase for the 
area since January 20, 1939. The advance of 25 cents a bbl. 
was announced by the Joseph Seep Purchasing Agency for 
the South Penn Oil Company. The new South Penn schedule 
follows: New York Transit Lines, $2.75 a bbl.; Southwest 
Pennsylvania Lines, $2.40 a bbl.; Eureka Pipe Lines, $2.34 
a bbl., and Corning (unchanged), $1.12 a bbl. 
Tide Water-Associated Oil Company and the Ohio Oil 
Company followed South Penn’s lead and announced a $2.75 
a bbl. price for crude oil in the Bradford-Allegheny district. 


A plan for developing and pro- 
ducing the Eocene zone at Ket- 
tleman Hills, California, has 


pag ne been submitted by the Kettle- 
man Locene Zone = inan North Dome Association to 


all operators at Kettleman Hills who are not members of 
the association and whose properties are probably underlain 
by the Eocene. 

The plan is based on gas production from the Eocene for- 
mation, it having been the Kettleman North Dome Associa- 
tion’s contention for a number of years past that Kettleman 


Eastern Crude 


Plan for 
Developing and 


10 


oil production must be considered in relation to the gas pro- 
duction from the field. The plan establishes quarter-sections 
as Eocene operating units, Eocene production from each 
quarter-section to be governed by characteristics of the 
Eocene formation underlying any given section in compari- 
son with that underlying the “master” quarter-section. Su- 
perior Oil Company’s quarter-section, the Huffman lease, 
has been selected as the “master Eocene operating unit”, 
hence, if the plan is generally adopted by operators in the 
area, all other quarter-sections in the field will be produced 
in relation to that quarter-section. Eocene gas production 
from the Huffman quarter-section will be approximately 
5,000,000 cu. ft. per day with oil production at about 200 
bbl. per day and Eocene production from other quarter-sec- 
tions will approximate that figure. 

The plan has been submitted to all operators in the field 
who are not members of the association. These operators are: 
Standard Oil Company, Union Oil Company, Superior Oil 
Company, and Robert S. Lytle. None has offered any criti- 
cism of the fundamentals of the plan, and the association 
has reason to hope that it will be adopted. In an effort to 
speed its adoption, the association has for the first time cut 
its daily oil production below the minimum set up in the 
Kettleman unit plan agreement. This action, which reduces 
Kenda’s oil output by 2553 bbl. per day, required the unan- 
imous vote of the association’s board of 11 directors. If other 
operators follow Kenda’s action, total reduction of oil output 
from the field will be approximately 7500 bbl. per day, 
bringing daily production down to 44,854 bbl., from current 
levels approximating 52,500 bbl. per day. 

The association’s action is for the month of January only. 
If reductions in Kettleman gas production are made, and if 
the Eocene plan is adopted, it is possible that the January 
production cut will be continued. 

The association contends that to continue to take gas from 
the field at the present rate, yet to reduce oil production to 
any disproportionate extent and thereby increase gas-oil 
ratios, is actually to create a condition of “waste.” The 
Eocene plan, in which gas production and oil production 
are definitely linked through engineering formulas, will avoid 
such a condition with respect to production from the com- 
paratively recently discovered deep Eocene formation. 

° 
Operators in the Seminole pool, 
Gaines County, Texas, have 
agreed on field rules and have 
submitted them to the Texas 
Railroad Commission for consideration. 

The rules agreed upon are: 

Forty-acre units, having 10-acre tolerance, the wells being 
drilled 1320 ft. apart and 660 ft. from lease lines, exceptions 
to the spacing rule to be granted only after the applicant 
shows a bona fide effort to pool. 

Three strings of casing are required; surface casing set 50 
ft. below the redbeds and cemented to the surface; inter- 
mediate string set at or below the Yates sand and cemented 
1500 ft. above the shoe; and the producing string set below 
the gas-oil contact and cemented 1000 ft. above the guide 
shoe. 

Proration is suggested on a basis of 75 percent to acreage 
and 25 percent to potential, potentials to be taken on a six- 
hour test through 2'-in. tubing, the daily potential being 
computed by taking the smallest three-hour flow of the six 
hours and multiplying by eight. Gas-oil ratio of 2500 to 1, 
with displacement factor, and with a volumetric withdrawal 
rule for gas wells in the field, are included in the proposals. 


Seminole, Texas, 
Operators Agree 
On Rules 
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PENBERTHY KG#CCL 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black— 
empty space shows white. 
Preferred wherever liquid 
level must be easily and 
positively visible... and 
when liquids are under 
high pressure or at high 


temperature. 





PENBERTHY 
DROP FORGED STEEL 


All Penberthy 


Gages 


conform with 


A. P. L.—A. S. M. E. 


requirements. 


‘Used to observe color and 
density of liquids under 
high pressures, and/or 
temperatures. Construc- 
tion is exceptionally 


rugged . . . similar to 


Reflex types. 











PENBERTHY KGWEU 


WATER GAGE SET 


Water shows black—steam shows 
white. U-Bolt construction is 
strongest and simplest to service. 
Glass replaced by simply remov- 
ing nuts on face of gage . 

unnecessary to work between 


gage and boiler. 





PENBERTHY 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Made of Chromium-molybdenum 
alloy temperature-resisting steel, 
extra heavy throughout. Stain- 
less steel trimmed. Tubular glass 
type gages also available in 
various other metals suitable for 


practically all conditions. 


PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN 


AL RED. 
PRODUCTS 


Canadian Plant; Windsor, Ontario 




















Activities in Refining 





Percent Refining Capacity Operated 


Western Division, 55.2 Percent 


HE A. G. DEGVIELA, Riga, Latvia, operating on State 

capital, is constructing a petroleum refinery built ac- 
cording to American patents. The plant is to be ready for 
operation in the spring. A. G. Degviela also is storing used 
motor oil, to be reconditioned. For such oil, suitable for re- 
conditioning, a price of 23 sant. per kilogram (17 cents per 
gal.) is being paid. 


Construction of a recycling plant 19 miles northeast of 
McAllen, San Salvador field, Hidalgo County, Texas, is plan- 
ned by the Gulf States Oil Company. The company owns 
distillate production in the area and has let a contract to 
the Rudel Drilling Company to drill another well to a depth 
of 9000 ft. 


Sinclair Refining Company has under construction an ab- 
sorption-type gasoline plant in the East Whitepoint field, 
Texas, which is expected to be completed the latter part of 
January. Its capacity will be 8,000,000 cu. ft. of gas per 
day. Dresser Engineering Company, Tulsa, Oklahoma, is the 
contractor. 


= 
According to a recent announcement, refiners of South 
Texas and South Louisiana plan to spend approximately $20,- 
000,000 duing 1940 expanding their plants. Included are the 


Humble Oil and Refining Company, Shell Oil Company, 
Inc., Sinclair Refining 


Central Division, 74.7 Percent 


Eastern Division, 91.5 Percent 


The capacity of the Ardmore, Oklahoma, refinery of the 
Ben Franklin Refining Company will be increased from 
3500 bbl. per day to 6000 bbl. per day, it has been an- 
nounced. 


The capacity of Phillips Petroleum Company’s Kansas 
City, Kansas, refinery is to be increased 5000 bbl. per day, 
according to an announcement by Frank Phillips, chairman 
of the board of the company. The plant is the largest re- 
finery in Kansas, having a capacity of 23,000 bbl. per day. 
Its crude oil supply is obtained from Kansas fields through 
the company’s pipe-line system that connects with virtually 
every producing area in the state. 


The natural gasoline plant being erected by the Arkansas 
Fuel Oil Company in the Waskom gas field, Harrison County, 
Texas, is expected to be completed the early part of February. 
The plant will have a capacity of 20,000,000 cu. ft. of gas 
per day and will be connected to five gas wells producing 
from the Travis Peak and Pette zones. Recovery is expected 
to average 300 gal. of gasoline per 1,000,000 cu. ft. of gas. 
Location of the plant is in the Abney headright survey. 


Johnson Oil Refining Company, Cleveland, Oklahoma, is 


constructing a natural gasoline plant of the compression type 
near Keystone, Pawnee 





Company, Magnolia Petro- 


County. The plant is in 
section 27-20-9 in an area 


Crude Runs to Stills, Gasoline, Gas and Fuel Oil Stocks 
Week Ended December 30, 1939 


A. P.I Figures 
(Figures in thousands of bbl. of 42 gal. each) 


Daily Percent 
Average Operated Total 
Crude of Total Motor 
Runsto Capacity Fuel 


leum Company, Pan Amer- 
ican Refining Company, 
Gulf Refining Company, 
The Texas Company, Re- 
public Oil Refining Com- 


where the company has a 
number of producing wells 
from which gas will be ob- 
tained. The capacity will 
be 750,000 cu. ft. of gas 





Total 
Gas and 
Fuel Oil 


Percent 
Potential 
Capacity 


pany, Barnsdall Refining 
DISTRICT Reporting _ Stills 


Reporting _ Stocks Stocks _ per day. It is expected that 





Company, and Standard ante : 
Oil Company of Louisiana. | Appalachian... 87. 132 
>  ° Seen : 516 
Okla., Kans., Mo...... P 258 
& Inland Texas . 117 
Temes GARE ...0..-.-..scos. iy 798 
La. Gulf .. x J 109 
N. La. and Ark. J 43 
Rocky Mt.... r 29 
California ; m 486 
Reported 

Estimated 

Unreported 
*EST’D TOTAL 


Walter Trout and Asso- 
ciates have acquired an 8- 
acre site 10 miles south of 
Yazoo City, Yazoo County, 
Mississippi, and plan to 
move to it a 1600-bbl. re- 
finery unit from the East . 
Texas field. Location is near 
Tinsley Dome and on the 
Yazoo and Mississippi Val- 
ley railroad. 


*DEC. 30, ’38 .. 


**December, 1938, daily average. 





*Estimated U. S. Bureau of Mines’ basis. 


95.3 18,910 19,217 
91.0 8,544 927 
88.2 11,939 7,282 
75.4 6,918 3,993 
73.6 1,754 2,198 e 
84.0 11,961 10,827 

62.3 2,399 2,240 
78.2 500 772 
45.3 1,123 568 
65.2 16,277 89,965 
80.2 75,825 137,934 


the plant will be in opera- 
tion by February 15. 


A natural gasoline plant 
having a capacity of 20,- 
000,000 cu. ft. of gas per 
day will be erected near 
Coalinga, California, by 
the Standard Oil Company 
of California. Gas supply 
will be from the Coalinga- 
Amerada area and a booster 
station and pipe line are to 
be constructed. 





5,660 
80,985 
78,707 


2,930 
140,864 
142,129 


71,542 142,623 
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Activities in the Oil Fields 





ARTIN-WESTBY-GREEN, Inc., have opened a new 
Wilcox sand pool in section NW of 24-14-10e, south- 
eastern Creek County, Oklahoma, with their No. 1-A Jude- 
man. The new pool is east of the old Hall-Donnelly pool 
and about 45 miles from Tulsa. Production is from a depth 
of 3180-97 ft. The discovery is rated as a 75-bbl. per day 
well. 

Jock Garden and associates have successfully brought-in 
their No. 1 Rahn, a wildcat in C SW SW NW of 13-34-5e, 
10 miles east of Arkansas City, Kansas, which produced 150 
bbl. of oil in an hour on the initial test. The well originally 
was drilled to a depth of 3436 ft., but was shut-down 
temporarily for the operators to clear-up titles, and then 
was plugged-back to 2945 ft. Production is from the Bur- 
bank sand. The oil tested 39.8 gravity. 

e 

No. 1 Petty Stave of Standard Oil Company of Louisiana, 
a wildcat in C SE SE of 4-17s-21w, Arkansas, flowed 160- 
bbl. of distillate in 24 hours through 7/32-in. choke and 
produced 4,100,000 cu. ft. of gas. The well is on the Big 
Creek structure, northwest of Magnolia in Columbia County. 
The well was drilled to a total depth of 7999 ft., but en- 
countered salt water and was plugged-back to 7988 ft. and 
the casing gun-perforated with 100 shots from 7980 ft. to 
7988 ft. 

e 

Tide Water-Associated Oil Company’s No. 1 Delta Farms, 
Lafourche Parish, Louisiana, gives promise of opening a new 
coastal field. The wildcat, drilled to a total depth of 11,850 
ft., had several good showings of oil in sand sections from 


8900 ft. to bottom. Casing was perforated at 11,780-800 ft. 
and on a drill-stem test through %4-in. chokes top and 
bottom a showing of dry gas was had. This test was on the 
lowest of a number of sands cored by the wildcat, which is 
expected to make an oil producer from one of the upper 
sands. Location of the test is 1980 ft. southeast of the north- 
west corner of section 6-17s-23e. 


Shell Oil Company’s No. 1 Henderson has opened a new 
producing area in Clay County, Texas. The well is located 
on block 2605 of the T E & L Survey, in the corner of Clay 
County and three miles from the Jack and Archer county 
lines. Three sands have been found, the last from 3570-85 
ft., and a drill-stem test made at that depth recovered 240 
ft. of oil, 300 ft. of oil mud, and 120 ft. of brackish water. 
The operator cored ahead from 3585 ft. to 3600 ft. and 
recovered 15 ft. of hard sand showing oil. 


Arthur “Tex” Harvey, discoverer of the Tonti pool, 
Marion County, Illinois, has now brought-in the pool’s first 
Devonian producer with his No. 6 Kagy, SE 33-3n-2e. The 
test, drilled to a depth slightly below 3500 ft., started flow- 
ing by heads, and estimates rated the well as good for pos- 
sibly 1000 bbl. of oil per day. 

e 

Barnsdall Oil Company and Wilshire Oil Company’s No. 1 

Santa Fe, a semi-wildcat in the Rosecrans area, California, 


produced 1100 bbl. of oil and 1,500,000 cu. ft. of gas from 
a total depth of 8792 ft. on the initial test. 





AVERAGE CRUDE OIL PRICES 


California 
Kettleman Hills $1.19-1.43 
Playa Del Rey .80-1.16 
Coalinga .70- .90 
-75-1.21 


Louisiana 
Rodessa 


Gulf Coast 


Wilmington North Louisiana 


Montana .90-1.10 


Illinois 


Wyoming .35-1.30 


Kentucky 


Colorado .90- .98 


New Mexico .53- .95 


Texas sansa 
North Central 
Panhandle 
West Texas 53- .95 
Gulf Coast .86-1.28 


-71-1.03 


-67- .96 Michigan 


Pennsylvania 


$1.05 
-79-1.28 
-73-1.05 


-95-1.05 
.90-1.10 


Indiana 95 


Lima 90 | 


-74-.97% | 


Darst Creek .96 
East Texas 1.10 
Talco .65 


Bradford 
Southwest 
Eureka 
Buckeye 
Corning 


2.75 
2.40 
2.34 
2.30 
1.12 


Kansas .60-1.10 
Oklahoma 


Arkansas 


-60-1.10 


-73-1.05 Canada 





2.10-2.17 | 


DAILY AVERAGE CRUDE OIL PRODUCTION 


Data Supplied by A. P.I. 
(Figures in bbl. of 42-gal. each) 
1B. of M. Week Week 


Calculated Ended Ended 
Requirements Dec. 30, Dec. 2, 


(December) 1939 1939 


437,600 2418,200 3408,950 
168,000 2178,600 317,250 
50 


Week 
Ended 
Dec. 31, 
1938 
421,900 
149,100 


Oklahoma w 
ER 
Nebraska 


Panhandle Texas.......... 
North Texas -_.............. 
West Central Texas 
West Texas 

East Central Texas 
East Texas... 
Southwest Texas ......... 





61,150 
74,100 
24,700 
184,950 
79,350 
299,000 
154,150 
183,050 


1,060,450 


69,650 
202,550 


272,200 


26,850 
227,150 
81,600 
394,400 
202,550 
223,400 


1,305,900 


68,200 
198,850 


267,050 


211,500 
1,280,300 


66,750 
187,500 


254,250 
49,700 


137,000 


89,550 
46,200 
46,600 
12,850 

8,950 
98,550 








North Louisiana ..... 
Coastal Louisiana 


TOTAL LA..... 








255,200 
56,100 





Mississippi 

| Illinois 337,850 
103,600 
67,300 
62,750 
17,050 
4,200 
109,050 


330,950 


105,750 
65,150 
70,250 
17,050 

4,000 

110,750 


(Not incl. Illinois) -.. 


104,600 
61,000 


Colorado 
New Mexico 


TOTAL EAST 
OF CALIF 


California 


4,200 
110,000 





3,025,200 2,943,900 2,694,300 


594,500 601,100 594,900 614,900 
3,619,700 3,545,000 3,289,200 3,204,350 

1These are U. S. Bureau of Mines’ calculations of the requirements 
of domestic crude oil based upon certain premises outlined in its de- 
tailed forecast for the month of December. As requirements may be 
supplied either from stocks, or from new production, contemplated 
withdrawals from crude oil inventories must be deducted from the 
Bureau’s estimated requirements to determine the amount of new 
crude to be produced. 


|  ?Oklahoma, Kansas, Mississippi, and Nebraska figures are for week 
ended 7 a. m., December 27 
3Oklahoma, Kansas, Mississippi, and Nebraska figures are for the 
week ended 7 a. m., November 29. 


2,589,450 
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LOMCOWS 


a 
NEW MEXICO 1827 ™— 
\e" 


Wagon-trains on the Santa Fe Trail—high adven- 
ture—America in the making —with twenty states 
yet to be carved from this vast unknown area 
west of the Mississippi. The territory of New 
Mexico, as it actually stood in 1867,was admitted 
as the forty-seventh state of the Union in 1912. 


e The pioneering of chemical service for oil and gas wells 

began in the early 20's. Through joint cooperation with 
leading producers, Dowell perfected inhibited acid in 1932 and 
thereby harnessed hydrochloric acid for use in limestone wells. 


FOR OIL AND GAS WELL. 
CHEMICAL. SERVICE 


Today, Dowell’s method of chemical treatment, thoroughly en- 
dorsed and used, is an integral part of production procedure. 


DOWELL INCORPORATED KENNEDY BLDG., TULSA, OKLAHOMA 
Subsidiary of The Dow Chemical Company 








Petroleum Statistics 








and Field Activities 





























} 3,700,000 | 3,500,000 
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U. S. Daily Average Production Daily Average Crude Runs to Stills 
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U. S. Crude Oil Stocks 








Finished Gasoline Stocks—Total U. S.* 






















































| 285,000,000 .} 90,000,000 
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“| 225,000,000 a | 60,000,000_ 
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gSeeF5F7R85 3 S282 572583 & 








*These figures include finished stocks at refineries, terminals, and in transportation in 
only. Above statistics by the American Petroleum Institute. 











pipe lines. Previous to June this chart showed finished stocks in refineries 





Summarized Operations in Active Fields for December, 1939 























































































































| | 
FIeELpDs | Completions | Producers | Rigs Drilling Depth of No. Casing Gravity Type of 
| Wells Production Strings of Oil Tool Used 

Texas | 

East Texas......... see Dpinste slate a 19 19 } 6 17 3500-3700 2 40 Rotary 

eo cant whiebneeennee atl 43 } 26 4 15 1554-2900 2 22 Rotary 

I le 4 6 «kad 6 Sa nmncan wee 50 50 | 10 76 3675-4377 2 and 3 32-36 Rot.-Cab. 

ee 61 56 18 64 1700-3900 2 40 Rotary 

NS oo sa. e i eyed Sars 0 Giard sieve 8 7 2 5 4900-5900 2 38 Rotary 

eee 20 18 5 14 3922-5878 2 or3 21-54 Rota 

ee EEE ee 8 8 2 5 2850-3450 2 and 3 30-38 Rot.-Cab. 

I oss. 0o aiiele wtb iete a aaa wbee 37 34 22 47 3730-3935 2 42-43 Rot.-Cab. 
OKLAHOMA : 

NIN ie hp. dasa rg he mares tesabes 3 3 1 2 6450-6682 3 39 Rotary 

I he alas oie eon siecle Ava wa s 6 2 8 1800-4488 2or3 38 Rotary 
KANSAS 

TES cccraddsseevewnv news dnt 41 37 10 30 2926-3435 2and 5 32-37 Rot.-Cab. 

IE oid in vw dic ork keer OER een S-o 22 18 8 29 3222-4085 2 and 5 42-48 Rot.-Cab. 

re roe re 25 20 3 23 3290-3518 2 39-42 Rot.-Cab. 
ILLINOIS 

le, sox cvcedscnseseeves 405 336 306 101 1425-4100 2 36-38 Rot.-Cab. 
New Mexico 

I 055 1b wniand 5,6 a eon ch area 4'ow WA 37 | 34 12 61 3150-4030 3 30-34 Rot.-Cab. 
CALIFORNIA | 

I ERS oe Sig dis oa are 5-5 9-5 w ee 4 | 4 6 18 8300-8730 3 or 4 40 Rotary 

SIR share chives. dG ale tw. ach emia ae | 15 15 16 15 3500-4000 2 and 3 18-20 Rotary 

















Field Activities by States for December, 1939 
















































































‘ } < ' 
STATE Completions Producers Locations Rigs Drilling Wells Production, 1938 
December November | December November | December November | December November | December November (In Barrels) 

PS. as ae ap arate 17 15 12 13 15 26 5 24 45 33 18,211,617 
ERIS Seer | 111 117 101 107 81 209 85 98 206 215 249,918,001 
| ERR ear 0 . a 0 0 iene pete 1 2 32 34 1,371,687 
ae 405 366 | 336 286 479 488 306 300t 101 97 23,306,000 
IR 2. cae) Soman Pasa en 50 51 32 40 Nine ee 8 10 70 69 ,900 
ee 147 149 | 117 114 194 256 48 52 273 275 58,795,545 
Kentucky............ 68 64 33 38 as bea 10 12 101 106 5,828,650 
Nix 460s a:03.8 156 135 114 97 151 188 35 ee 185 ar 94,941,537 
Michigan............. 140 124 87 76 121 153 39 46 173 172 19,140,966 
Mississippi... ... © ciel | 9 4 y 2 wane ere 5 7 22 14 Gas. Prod. 
RS ia. cabana dosnt | 16 16 14 11 givicta aa 3 3 43 41 4,858,458 
New Mexico.......... 65 62 53 56 64 65 24 21 142 140 39,902,263 
OS eee 102* 96* 102* 96* peat sae 13 7 46 43 5,040,600 
es 5b 5152 05010 104 110 76 74 lacs ied 38 44 185 192 3,292,100 
Oklahoma............ 216 190 124 123 216 221 45 40 315 312 171,312,098 
Pennsylvania......... 162* 142* 160* 140* ee nee Ptae ge eee at 17,431,500 
ERED soo occ cc wes 0 0 0 0 pee ie nee ey ary cae (i Tae 
Serer 901 847 687 640 1122 1044 420 375 1382 1202 473,304,662 
West Virginia......... 75 68 63 56 raed sale i 23 21 150 149 3,700,375 
RS 14 14 10 11 a? vin 4 5 65 69 19,005,638 

0 ee 2758 2572 2125 1980 2443 2650 1112 1067 3536 3163 1,206,827 597 













1} *Inludes water-intake and pressure wells. 





¢Includes 257 rigs standing and 48 rigging-up. THE PETRO ENGINEER. JAN., 1940 


























Whatever your well producing conditions may be, the straightest, surest 
way to extra profits in 1940 is the Nixon Surface Control Gas-Lift System. 





Savings begin with its purchase and installation, which are considerably 
lower than standard pumping rigs. Operating costs are less, because 
only a minimum volume of inexpensive gas pressure is required to bring 
fluid to the surface. Since so few parts are subject to wear, maintenance 
costs are practically eliminated. 


Wells of any depth, flowing from any level, producing any volume can 
be successfully and economically put on the Nixon Surface Control Gas- 


Lift System. 


Let a Nixon Gas-Lift engineer give you all the money-saving advantages 
of this modern system. Write your nearest Wilson Supply Company store 


or sales office. 


WILSON SUPPLY CO. 


1412 MAURY ST. 


EXCLUSIVE GULF COAST DISTRIBUTORS 
FOR: Wilson-Snyder Pumps; American Cable 
Tru-Lay Pre-formed Wire Rope; Kewanee 
Boilers; Sievers Reamers; Drift Meter, Jr.; 
Gray Swivel; Nixon Surface Control Gas Lift; 
Nixon True-Taper Slip and Spider; Bowen 
Pack-Off and Releasing Drill Pipe Overshot; 
Douglas Weight Indicator. 


OIL & GAS 
WELL SUPPLIES 


Complete line of 
Fishing Tools and Service 


HOUSTON, TEXAS 


BRANCH STORES: 

TEXAS: Gladewater; Barbers Hill; Bay City; 
Monahans; Alice; Victoria; Corpus Christi; 
Benavides; Arkansas City. 

LOUISIANA: Rodessa; Lake Charles; New 
Iberia; Gretna; Shreveport. 

ARKANSAS: Magnolia. 

SALES OFFICES: Tulsa, Okla.; Dallas, Texas. 

LOS ANGELES, Phone W.L.A. 34040. 
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Major Pipe Line Activities 








ETAILS of the Panhandle Eastern Pipe Line Company’s 

expansion program involving the expenditure of ap- 
proximately $3,500,000 have been announced. The program 
consists principally of the installation of approximately 137 
miles of 24-in. and 22-in. main line loops. The program, 
when completed, will add between 25,000,000 and 30,000,- 
000 cu. ft. of natural gas per day to the company’s delivery 
capacity, thus enabling it to meet the increasing demands of 
its customers already connected to its pipe-line system, as 
well as to serve additional customers in its trade territory. 

The lines to be constructed will be in the states of Kan- 
sas, Missouri, and Illinois. In addition to the loop construc- 
tion, the program includes the installation of an additional 
1000-hp. compressor unit at the company’s Glenarm com- 
pressor station about 18 miles south of Springfield, Illinois, 
as well as certain additions to its existing gasoline extraction 
and dehydration plant near Liberal, Kansas. 

Contracts for the pipe required to carry out this construc- 
tion have been awarded to the A. O. Smith Corporation of 
Milwaukee, Wisconsin, and the National Tube Company of 
Pittsburgh, Pennsylvania. Approximately 25,000 tons of steel 
will be required. Loop construction contracts have been 
awarded to T. R. Jones and I. C. Little, both of Dallas, 
Texas. 

Construction of the pipe lines has begun, and it is ex- 
pected that the work will be completed by late winter or 
early spring. 


Allen Junkin, counsel for the Kansas Pipe Line and Gas 
Company, Chicago, Illinois, early this month discussed with 
officials of the Reconstruction Finance Corporation at Wash- 
ington, D. C., a request for a $18,400,000 loan by his com- 
pany to finance a 1000-mile extension to its natural gas 
pipe-line system into the Mesabi iron range of Minnesota. 
Junkin was accompanied by D. H. Holmes, vice-president 
and treasurer of the Kansas Pipe Line and Gas Company, and 
they spent considerable time in conference with Frank Ronan, 
chief of the RFC industrial lending section, going over de- 
tails of the plans. Results of the meeting have not been an- 
nounced. 

The pipe line company now operates 625 miles of pipe 
lines in Nebraska and Kansas. The plan under consideration 
would extend these lines from the Hugoton field, southwest- 
ern Kansas, and from fields in Oklahoma and northern Texas 
to the Mesabi range. The company proposes to supply natural 
gas to various cities for domestic, commercial, and industrial 
use, as well as for the processing of iron ore in the Mesabi 
range. 

More than a year ago an application was filed with the 
Federal Power Commission for approval of the plan. The 
commission gave its approval subject to certification by the 
pipe line company that it would be financially able to carry 
through the project. 


: fe 


The Stanolind Pipe Line Company has announced that 
construction will begin as soon as weather permits on a 140- 
mile pipe line from the Bemis pool, Ellis County, Kansas, to 
the company’s station at Washington, Kansas. 

The line will be of 8-in. and 10-in. pipe and will connect 
with the company’s trunk line from Wyoming. The latter 
line ties-in at Carrollton, Missouri, to the main Mid-Conti- 
nent line to Whiting, Indiana, 
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Officials of the Sinclair Refining Company, Pipe Line De- 
partment, have announced that the company will loop its 
pipe line from the K.M.A. field, Wichita County, Texas, to 
its Hensley pump station, Jack County. The project will 
involve the laying of 66 miles of 8-in. line, construction work 
to begin by February 1 and scheduled for completion about 
March 15. The K.M.A. station will be enlarged and a small 
gathering station will be installed in the northern end of the 
Hull and Silk pool, Archer County. 

The loop will be to a 6-in. line completed by the company 
in May, 1939, which has a capacity of 10,000 bbl. per day. 
The new line will increase the capacity of the system to 
23,000 bbl. per day. 

Sinclair Refining Company, in the K.M.A. field, is con- 
nected to 112 leases upon which are 461 producing wells. 
In the Hull and Silk pools the company is connected to 24 
leases and 63 producing wells. 

Last May the company relieved The Texas Pipe Line Com- 
pany of a number of connections that the latter had been 
forced to prorate due to lack of line capacity. 


Magnolia Petroleum Company has completed its 139-mile 
gasoline pipe line from San Antonio to Corpus Christi, Texas. 
The line was laid of 4-in. and 6-in. pipe, 119 miles of the 
former and 20 miles of the latter. The capacity of the line is 
4500 bbl. per day. A smaller line from the Luling refinery 
of the company to San Antonio is replaced between those 
two points by the new line. 


Williams Brothers Corporation, Tulsa, Oklahoma, has been 
awarded a contract by The Texas-Empire Pipe Line Company 
to lay 80 miles of loops to its system in Illinois. Between 
the Heyworth and Salem stations 42 miles of 10-in. will be 
laid, and between Wilmington and Heyworth stations, 38 
miles of 12-in. One pumping unit will be added at each of 
the four stations, at Salem, Brownstown, Assumption, and 
Warrensburg. 

a 


New Mexico Gas Company, an affiliate of the Southern 
Union Gas Company, Dallas, Texas, is laying a 31-mile, 6-in. 
natural gas line from Albuquerque to Belen, New Mexico. 


Under the terms of a franchise taken over from Wain 
Town and Gas Company, Franco Oils, Ltd., will lay a trans- 
mission line and distribution system for Vermilion, Altamont, 
Canada. Work will begin in the spring. The project will 
involve the expenditure of about $100,000. 


Southern Natural Gas Company, Birmingham, Alabama, 
recently completed the construction of a 32-mile, 18-in. 
natural gas loop from its compressor station at Onward, 
Mississippi, to a point south of Yazoo City, Mississippi. Max- 
imum working pressure of the line is 425 lb. per sq. in. The 
contractor was the B. and M. Construction Company, Okla- 
homa City, Oklahoma. 


Amsco Pipe Line Company has completed the laying of a 
16-mile, 4-in. pipe line from the S.R.C. field in Duval 
County, Texas, to the Adami field, northwest Webb County. 
Oil is run to storage in the former field, then picked-up by 


the Magnolia Pipe Line Company and transported to Corpus 
Christi. 
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The Compressibility of 
Gases 


I. Pure Gases 


GEORGE GRANGER BROWN 


Professor of Chemical Engineering, University 
of Michigan 


N dealing with gases at low pressure, 
the ideal gas relationship has been, 
and is, a convenient and generally satis- 
factory tool, which in the past has also 
been used for computations under pres- 
sure. But when faced with measure- 
ments and calculations for gases under 
high pressure the use of the ideal gas 
relationship may lead to errors as great 
as 500 percent, as compared with 2 or 
3 percent at atmospheric pressure. 
Most of us have heard of various 
equations of state used for represent- 
ing the pressure-volume-temperature 
relationships of gases, but these are gen- 
erally complicated and inconvenient in 


' practical use. In this discussion the use 


of the compressibility factor, which is 
reasonably convenient and sufficiently 
accurate for present engineering re- 
quirements, will be described. 


The Ideal Gas Relationship 


The ideal gas relationship is well 
known and is usually written: 
PE —-« 6 6 oon, ee ans e 0 (1) 
where 
P =pressure, absolute in lb./sq. in. 
V=volume in cu. ft. 


N=No. of lb. moles, or 
R=10.71 forall gases 


lb. 


molecular wt. 
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T=temperature, absolute, (460-+-°F.) 
Van der Waal's Equation 


Van der Waal’s equation was de- 
rived from considerations of the kinetic 
theory of gases as corrected for volume 
of molecules and the attractive forces 
between molecules and is written: 


(r +75 )(V—Nb) = NRT. (2) 


where, a, and, b, are constants depend- 
ing upon the nature of the gas. It has 
been found that the values of the con- 
stants, a and b, depend upon the criti- 
cal temperature and pressure of the gas. 
Therefore, the deviations from the law 
of ideal gases also depend upon the 
critical temperature and pressure. So 
we can use a correction factor or devi- 
ation that may be applied to the ideal 
gas equation to give correct results for 
actual gases, and this correction factor 
will be a function of the critical pres- 
sure and temperature, 


The Residual Volume 


The residual volume is the dif- 
ference obtained by subtracting the ac- 
tual volume of the gas from the vol- 
ume computed by the ideal gas laws, 
and may be defined by the following 


equation, which gives the molar resid- 


négimeer 
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ual volume, (V), or the residual vol- 
ume per lb. mole of gas: 

(V) =*i—v Ter es (3) 
in which case N is unity and V is the 
actual molar volume, or the volume 
actually occupied by a weight of gas 
equal to the molecular weight in |b., 
and, (V), the molar residual volume, 
is the number of cu. ft. to be sub- 
tracted from the volume computed by 
the ideal gas law for a molecular weight 
of gas, in order to get the correct actual 
volume. The molar residual volume is 
therefore an additive correction that 
is subtracted from the ideal molar vol- 
ume to obtain the actual molar volume. 


The Compressibility Factor 


The compressibility factor is a 
multiplying correction factor by which 
the volume computed by the ideal gas 
law is multiplied to obtain the correct 
actual volume. It is defined as, Z, in 
the following equation: 
ee 
The relationship between the residual 
volume and the compressibility factor 
is expressed by the following equation 
in which N is unity: 


ee. a. ae 

ey ee ae 
(1I—Z)RT 

ee eee (5) 





Fig. |. Compressibility factors for methane with graphical solution of 
Illustration 3 
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COMPRESSIBILITY FACTORS FOR } 
METHANE AT REDUCED TEMPERATURES 
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The compressibility factor is a di- 
mensionless intensive factor independ- 
ent of the extent or weight of the gas, 
and being a multiplying factor is a 
most convenient correction to apply to 
the ideal gas relationship to obtain cor- 
rect values for gases under pressure. 
Like all correction factors its value de- 
pends upon experimental data for its 
determination. 

The constants, a, and, b, in Van der 
Waal’s equation remain constant for 
any particular gas over the entire range 
of temperature and pressure; but the 
residual volume, and the compressibil- 
ity factor, are not constant for each 
particular gas but depend upon the 
temperature and pressure. From this 
one might conclude that Van der 
Waal’s equation were simpler in appli- 
cation and generally more advantage- 
ous, but Van der Waal’s equation is a 
cubic and for many applications this 
makes it very inconvenient. Further- 
more, because the residual volume and 
the compressibility factor depend on 
temperature and pressure they can be 
tabulated or plotted for any particular 
gas to obtain any desired degree of ac- 
curacy, whereas Van der Waal’s equa- 
tion is still an approximation. 

If it is necessary to plot Z or (V) as 
a function of temperature and pres- 
sure, however, as has been done for 
CH, in Fig. 1 based on the best avail- 
able data, it would appear much simpler 
to plot volume or density directly as a 
function of temperature and pressure 
and get the answer directly as has been 
done for butane in Fig. 2. But such 
plots can be drawn accurately only for 
those gases that have been thoroughly 
and carefully investigated, and charts 
such as Fig. 1 in which Z is plotted as 
a function of reduced pressure, Pp, 
and reduced temperature, Tp, have a 
much more general and important 
function than serving simply as a 
means of determining the volume of 
that gas for which they are drawn. 


As was suggested under Van der 
Waal’s equation, the deviation of an 
actual gas from the ideal gas is a func- 
tion of the critical temperature and 
pressure. According to the theorem of 
corresponding states this deviation is 
the same for different gases when at the 
same corresponding state. The same 
corresponding states are found at the 
same fraction of the absolute critical 
temperature and pressure, which are 
known respectively as the reduced tem- 
perature, Tp, and reduced pressure, Pp, 


defined as follows: 

(6) Reduced temperature, Tp = A. , 
ce 

the ratio of the absolute tempera- 

ture at which the gas exists to its 


absolute critical temperature. 
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(7) Reduced pressure, Pp = = 


P, 9 the 
ratio of the absolute pressure at 
which the gas exists to its absolute 
critical pressure. 


where T, = the critical temperature, 

and P, = the critical pressure. 
Therefore, if the theorem of corre- 
sponding states can be applied without 
appreciable error all gases would have 
the same value for Z at the same re- 
duced temperature and pressure, and a 
plot of Z for methane as given in Fig. 
1 as a function of reduced temperature 
and pressure can be applied to deter- 
mine the unknown value of Z for some 
other gas if we know or can determine 
the critical temperature and pressure 
of the second gas. This is a most im- 
portant relationship, which appears to 
be reasonably accurate for similar gases 
and, when properly used, for gaseous 
mixtures. 

The reduced temperature and re- 
duced pressure are each dimensionless 
and Fig. 1 is directly applicable for the 
determination of Z with any units of 
temperature or pressure, care being 
taken to use only absolute units of the 
same kind in determining reduced tem- 
perature and pressure. For example, if 
the critical temperature of a gas is 
minus 50°C. and the temperature at 
which the gas exists is known in °F., 
say 80°F., the reduced temperature is 
obtained by dividing the absolute tem- 
perature corresponding to 80°F. or 
460 + 80 = 540, by the absolute tem- 
perature in Fahrenheit units corre- 
sponding to minus 50°C., which is 
(273—50) (1.8) = 401.4; giving 

540 


ea = 1.345. The same 


value for T, is obtained by dividing the 

absolute teraperature in Centigrade de- 

grees corresponding to 80°F. or 

(460 + 80) 
1.8 

critical temperature of 223, 


Similarly, reduced pressures may be 
determined either by dividing absolute 
pressure in atmospheres by critical pres- 
sure in atmospheres, or absolute pres- 
sure in lb. per sq. in. by absolute criti- 
cal pressure in lb. per sq. in. 

For best results estimates of Z for 
a gas whose properties are not known 
should be based on a plot derived from 
a gas of approximately the same molec- 
ular weight. Most natural gases are 
predominately methane, and Fig. 1 may 
be used with satisfactory results for all 
cases encountered in natural gas and 
most natural gasoline problems. 

The use of the compressibility fac- 
tor in making gas computations may 
be made clear by the following ex- 
amples: 


= 300 by the absolute 
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Fig. 2. Density of normal butane in grams per cc. or specific gravity of normal 


butane referred to liquid water 





Illustration 1: Volume Unknown. 


Calculate the volume occupied by 1 
lb. of ethane at 144°F. and 2000 lb. 
per sq. in. gauge pressure. From Table 
I the critical pressure is 712 lb. per 
sq. in, absolute and the critical tem- 
perature 549°R., therefore, 

_ 2000 + 14.6 _ 2014.6 








oi ae = =o 
_ 460+144 604 _ 
Tr = S49 eo 
From Fig. 1; Z = 0.47 
Molecular wt.; M= 30, N = I 
— ie ee ae 
Z 
Equation 4; V = at = 
, 10.71 
nn 5 oe8 = 0.05 cu. ft. 





30 XK 2014.6 


Illustration 2: Weight Unknown. 


Calculate the weight of ethane con- 
tained in a cylinder of 0.5 cu. ft. ca- 
pacity if the temperature is 144°F. and 
the pressure 2000 lb. per sq. in. gauge. 
As for illustration 1: Pp = 2.83; 
Tr = 1.1; Z= 0.47 


PV = ZNRT 
(2014.6) (0.5) = (0.47) (N) (10.71) 
(604) 
N = 0.33 


Weight, W = (N) (M) 
= 0.33 X 30 = 10 Ib. 
ans. 


Illustration 3: Pressure Unknown. 


Calculate the pressure that would be 


TEMPERATURE , 


| 
| 
| 








reached if 10 lb. of ethane were 
charged in a cylinder of 0.5 cu. ft. 
capacity and the temperature rose to 
144°F, Critical temperature and pres- 
sure as before from Table I. 





Te = OM 1 
M = 30 

yo Eagat 
P wy =z 

Pr xa =Z 


Pp (0.166) =Z 
This is the equation of a straight line 
of slope 0.166 passing through the 
origin when plotted on Fig. 1. When 























TABLE | 
Present Best Values of Physical Properties of Natural Gas Hydrocarbons 
Density of Normal Critical Critical 
Compound Formula Mol. Wt. liquid at boiling temperature, pressure, 
60°F. in point, Ib. per sq. in. 

grams per cc. 7. °F - 3 abs. 
Methane. . | CH, 16.04 —258 .5 —116 344 673 
Ethane... | CaHe 30.07 —127.5 89 549 712 
Propane .. |  CsHs 44.09 0.510 — 43.9 205 666 617 
n-Butane ... : CsHio 58.12 0.584 31.1 306 766 551 
iso-Butane .......... CsHio 58.12 0.564 13.6 272 732 544 
n-Pentane.. . CsHie 72.15 0.6304 96.9 386 846 485 
iso-Pentane . : CsHi2 72.15 0.6241 82.3 370 829 483 
n-Hexane. CoH 86.17 0.6634 155.8 454 914 435 
n-Heptane . CrHis 100.2 0.6875 209.1 512 972 397 
n-Octane. . CAs 114.22 0.7064 258.2 564 1024 362 

















Pp is zero, Z is zero; and when Pg is 
1.0, Z is 0.166. Extending this line 
until it intersects the line of T,—=1.1, 
which is the required reduced temper- 
ature, we read 2.83 for Pp, or 0.47 for 
Z. Therefore, from equation 7, P = 
2.83 < 712 = 2015 lb. per sq. in. ab- 
solute and the gauge pressure is 2000 
lb. per sq. in. 





Fig. 3. Graphical solution of Illustration 4 
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Illustration 4: Temperature Un- 
known. If the volume occupied by 10 
lb. of ethane at 2000 Ib. per sq. in. 
gauge is 0.5 cu. ft., calculate the tem- 
perature. As before, from Table I, 
Te = 549°R; and P. = 712 Ib. per sq. 
in. absolute; therefore 


2000 + 14.6 
Pr = ———_- ==2.. 
R 712 2.83 
ome fs 
549 
10 
N= tas 0.33 
Equation 4: PV = ZNRT 


(2014.6) (0.5) =Z(0.33) (10.71) (T) 





__ (2014.6) (0.5) 2825 
~ (0.33)(10.71) T. TT 
_ 282.5 0.517 
~ i. = he 


The answer is that value for Tp which 
satisfies both the above equation and 
the relationship given in Fig. 1 for 
the reduced pressure, Pp, of 2.83. This 
may be solved by trial and error read- 
ing values of Z and Tx for a constant 
Pp of 2.83 from Fig. 1 until such 
values of Z and Tp satisfy the above 
relationship. Or a solution may be 
reached graphically by plotting Z as a 
function of Tp for Pp = 2.83 as has 
been done in Fig. 3, and also plotting 
Z as a function of TR as obtained from 
the above equation. The intersection at 
Tr = 1.1, or Z = 0.47, is the desired 
solution. Since T. = 549 
T State = 1.3 90 = 

604°R. = 144°F. 

Usually the temperature is known 
and problems such as illustration 4 are 
not encountered. If such problems are 
frequently encountered, the graphical 
solution can be made very simple by 
preparing a plot of Z as a function of 


1 , 
TT with lines of constant Pp. With 
R 
such a plot straight lines would repre- 
sent Z = and the solution becomes 
R 


as simple as illustration 3, where pres- 
sure is unknown. 
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Bottom-Hole Well Regulators 


By K. C. SCLATER 
Editor, The Petroleum Engineer 





REEZING is a prevalent problem 

in high-pressure gas wells when 
the pressure reduction between the 
well and the line is very great. 

One means of preventing or mitigat- 
ing freezing is to make the required 
reduction in pressure in the well, either 
at the bottom of the tubing or at 
some point higher. One way of ac- 
complishing this that has been prac- 
ticed for years is by means of remov- 
able bottom-hole chokes. By placing 
the bottom-hole choke at some con- 
venient point in the tubing in the 
well the cooling action resulting from 
the reduction of pressure across the 
choke may be effectively dissipated. 

The cooled gas on its way to the 
surface draws heat from the walls of 
the well and thus its temperature is 
raised sufficiently to preclude the pos- 
sibility of freezing. In large-volume 
high-pressure gas wells having a low 
bottom-hole temperature, it may not 
be possible to prevent freezing en- 
tirely during extremely cold weather 
when producing at high rates of flow. 

Although this application of the 
bottom-hole choke to prevent freezing 
is being used successfully, it has lim- 
itations. In a well whose rate of pro- 
duction is subject to wide fluctuations, 
the conventional type of bottom-hole 
choke, which has a fixed opening, lacks 
flexibility. Having a fixed opening, the 
bottom-hole choke is thereby limited 
to use in gas wells whose rate of pro- 
duction is reasonably constant. When 
changes do have to be made in rate of 
production the bottom-hole choke, be- 
ing removable, may also have to be 
changed. It is not always, however, 
convenient or possible to interrupt 
well operation; and for this reason the 
need has been felt for a choke of 


hole choke really functions as a bot- 
tom-hole regulator, the name by which 
this choke of improved design is 
known. 

There is an essential difference be- 
tween the bottom-hole choke and the 
bottom-hole regulator: The bottom- 
hole choke operates on a fixed opening, 
whereas the bottom-hole regulator op- 
erates on a fixed differential pressure, 
or pressure drop. The principle on 
which the regulator operates should be 
observed at the outset for it is the key 
to the successful application of this 
device. 

Referring to the accompanying 
drawing, which shows the construc- 
tion of the regulator, the essential 
parts are: an adjusting ring, an ex- 
panding spring, a movable valve seat, 
and the valve itself. The movable valve 
seat is opened by the spring, the tension 
of which is governed by the size of 
the adjusting ring. 

The valve, it will be noted, floats 
on a light spring. The purpose of the 
light spring, which is a recent im- 
provement added to the regulator, is 
to provide for killing the well if nec- 
essary, without having to pull the reg- 
ulator, by pumping water or mud 
down the tubing. 

In use the regulator is placed at any 
desired depth in the tubing and is set 
in the same manner as the bottom-hole 
choke. Before running the regulator 
the tension of the expanding spring is 
adjusted to the desired drop in pres- 
sure. The desired drop in pressure is 
determined by the shut-in pressure of 
the well and the pressure required at 
the surface choke or regulator. For 
example, if the shut-in pressure of the 
well is, say, 2500 lb. and a pressure of 


Pressure-operated bottom-hole chokes protect against 
freezing and permit greater flexibility in the operation 
of high-pressure gas and gas-distillate wells 


1400 Ib. is desired at the surface choke, 
the spring tension on the regulator is 
set for a differential pressure, or pres- 
sure drop, of 1100 lb. across the valve, 
and this setting is made before running 
the regulator into the well. The max- 
imum pressure differential for which 
the spring can be adjusted is 1500 lb. 
This, it has been found, is the eco- 
nomic maximum pressure differential. 
The high velocity of the gas at differ- 
entials greater than this may cause ex- 
cessive wear on the valve seat, neces- 
sitating frequent renewal. The valve 
and seat are made of a special metal 
that is highly resistant to corrosion 
and erosion. All the moving parts are 
entirely closed. 

Operation of the regulator is simple 
and entirely automatic. The gas enters 
from the side ports shown. The ex- 
panding spring controls the valve open- 
ing and maintains the desired differen- 
tial pressure across the valve. If the 
pressure drop is less than that for 
which the expanding spring is set, the 
valve seat closes on the valve. The reg- 
ulator is usually used in conjunction 
with a choke or regulator at the sur- 
face. In extremely high-pressure wells 
in which a pressure reduction greater 
than 1500 lb. is required, two or more 
bottom-hole regulators may be used. 

The regulator is run on a steel wire 
line and reel through a high-pressure 
lubricator with wire line stuffing box. 
The procedure and tools used in setting 
are the same as those used in setting a 
bottom-hole choke. 

The estimated capacity range within 
which the regulator will operate is 
about 5,000,000 cu. ft. of gas per 
day; in other words, fluctuations in 
the rate of production of this amount 








greater flexibility to cope with a wider Rate of 

range of well production rates. ‘Choke MPC. yosunane ‘fn Deepen 
The problem was to design a choke in. 24 hr. Ib./sq. in. Side Side 

that would have all the desirable char- fs 610 715 88 72 

acteristics of the bottom-hole choke 2 aoe aa - a 

and, in addition, a greater capacity to ne 

handle wide fluctuations in rate of Warps — —_ 1. ws 


2-in. tubing 

Regulator set at 1500 ft. 

p Closed well pressure, 2340 Ib. 

Differential pressure at well regulator, 1500 lb. 


flow. A design that meets these re- 
quirements is that of the pressure- 
operated variable bottom-hole choke. 


The design is such that the choke has oo bi ae ae tala aes Ns bis 3 

: i i regulator set a +» and producing at approximately s rate, e tem- 
a Capacity to regulate, within reason- perature of the production after passing through the surface choke was found to be 
ably close limits, widely varying rates ae”. 2. changing the position of the regulator from a depth of 5000 ft. to 1500 ft. 


je resulted in a temperature loss of 6° F 
of flow. This new type of bottom- 
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may be automatically controlled by 
the one differential pressure setting of 
the regulator. 

Observations of the effect on tem- 
perature of the gas by setting the reg- 
ulator high in the tubing rather than 
at the bottom are of interest. It has 
been found that the bottom-hole regu- 
lator in some wells has been set at as 
shallow a depth as 1500 ft. from the 
surface without causing a serious re- 
duction in the surface temperature of 
the gas. 

A record taken on the gas well is 
shown in the accompanying table. It 
was found that by moving the regu- 
lator up the hole from 5000 ft. to a 
depth of only 1500 ft. the tempera- 
ture loss was only six deg. F. This 
well was feeding against a line pressure 
of 380 lb. It will be noted also that 
although the rate of production was 
increased from 3,075,000 cu. ft. a day 
at 520-lb. tubing pressure, to 4,750,- 
000 cu. ft. at 380-lb. tubing pressure, 
there was no change in temperature at 
the upstream or downstream side of 
the surface choke. 

On a distillate well, the regulator 
in which was first set at 4000 ft. and 
then later at 2000 ft., a difference in 
temperature of only two deg. F. re- 
sulted although the well was delivering 
in excess of 3,000,000 cu. ft. of gas 
and about 60 bbl. of distillate a day. 

In the Cunningham field in Kansas, 
three wells equipped with bottom-hole 
regulators were among the few that 
did not freeze during a recent cold 
spell. 

The close control obtained in deep 
high-pressure wells with these regula- 
tors makes for improved well opera- 
tion and greater safety by eliminating 
violent fluctuations in pressure at the aN> ADJUSTING RING 
face of the sand. 

In deep distillate fields these regu- 
lators have an application the value 
of which it is yet too early to appraise. aN=3 
Conclusive data on their operation and a EXPANDING SPRING 
the results obtained by their use are | Ney 
not yet available. It is reported that 
the gas-distillate ratio has been reduced 
by the use of bottom-hole regulators, 
though to discuss this phase of opera- 
tions would be premature, as the tests 
have not been exhaustive enough to 
yield any conclusive results. There are 
indications, however, that the use of 
bottom-hole regulators may have an 
important function in producing dis- 
tillate wells. They show promise of 
being of substantial aid in promoting 
sound gas distillate production prac- 
tice, involving as it does a considera- 
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tion of the state in which hydrocar- 
bons exist in the sand and at the bot- 
tom of the hole. In this field, partic- | 
vs does the regulator appear to Valve closed van 
i . . : aive open 
ave wide application. Cross-section of pressure-operated bottom-hole regulator : 
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Gas -Lift Practice In West Texas Fields 


Gas-lift installations in wells are varied in type to meet conditions 
in West Texas fields — large volumes of water and low levels 


EXCLUSIVE 





O avoid, in the detailed discus- 

sion to follow, the impression 
that gas-lift is at the present time the 
only production method being em- 
ployed in West Texas, it is important 
to survey briefly the status of produc- 
tion methods generally. 


West Texas, considered as a whole, 
embraces as great a variety of produc- 
tion phases as does any area comprised 
of old and new fields. Wells in the 
relatively newer fields and even in a 
few of the older fields are still flow- 
ing “naturally.” Others that no longer 
will flow satisfactorily unassisted are 
being produced by the judicious use of 
either flow valves or pumping equip- 
ment to utilize the energy of the re- 
maining formation gas more effec- 
tively. Wells in fields where there is an 
inherent lack of formation gas or 
where the gas has been depleted are be- 
ing pumped, or, in some instances, are 
being produced by gas lift utilizing 
gas from nearby wells completed as 
gas wells for the purpose of supplying 
gas for lifting purposes. 


Wells in the Hendrick field where 
water must be produced in the rough 
proportion of 1000 bbl. to obtain 1 
bbl. of oil are being produced either 
by casing pumps or gas lift, to be dis- 
cussed later. 

Finally, in those areas, principally in 
certain of the older fields, where pro- 
duction has declined to 5 or 10 bbl. 
per day in wells having low bottom- 
hole pressures and low productivity 
indexes, a production problem has de- 
veloped that in itself is one of the 
more interesting to be found in West 
Texas. The South Ward field contains 
the best examples of this type of well 
and will be discussed fully. 


Gas-Lifting Large Fluid Volumes 


Perhaps the greatest number of gas- 
lift installations devoted to a single 
type of service in West Texas is in the 
lifting of large volumes of water to 
obtain relatively small volumes of oil. 
Installations of this type are princi- 
pally found in the Hendrick field, 
Winkler County. Production is from 
the “Big Lime” in which prolific oil 
production in the early life of the 
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field was the result of the high hydro- 
static head exerted by the large vol- 
umes of water underlying the oil. 
Brought-in in 1928 when the general 
practice was still to produce wells 
“wide open,” the wells in the Hen- 
drick field soon began producing more 
and more water as water-coning be- 
came more pronounced. 


Almost without exception, wells in 
the Hendrick field when they had 
ceased flowing were equipped with 
pumping units. As fluid volumes in- 
creased, casing pumps were installed. 
Many of the wells in the field are still 
pumping but as the ratio of oil to 
water decreases and the required fluid 
volumes exceed the capacities of the 
largest pumps, the wells have been 
converted to gas lift. As the volume 
of gas produced with the fluid is al- 
most negligible, gas for lifting pur- 
poses is obtained from gas wells com- 
pleted in overlying sands in the Hen- 
drick or nearby fields. After the gas 
has been utilized to lift the fluid it is 
not economical to conserve it for any 
further use. 

The predominant characteristic of 
the large fluid-volume wells in the 
Hendrick field is the high static level 
of the fluid, usually 200 to 250 ft. 
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in wells are among problems confronted 


from the wellhead. The working fluid 
level, however, is from 1200 to 1400 
ft. from the wellhead. An essential 
feature of any gas-lift installation 
consequently must be the ability to 
kick-off the high fluid column and 
then produce efficiently the large vol- 
ume of fluid. Flow valves of the dif- 
ferential- and velocity-control types 
have, therefore, been used extensively 
in this service. It is a tribute to the 
equipment now available that virtually 
every flow valve on the market is em- 


ployed somewhere in the Hendrick 
field. 


Many of the flow-valve installations 
are conventional and will not be dis- 
cussed in detail except to mention that 
it is usually conceded by engineers in 
the field that the many alterations and 
changes are due not so much to in- 
herent faults of the flow valves as to 
the ever-changing flow conditions 
within the wells themselves. An in- 
stallation may be adjusted to operate 
satisfactorily at the fluid working level 
then prevailing and a week later the 
working level may suddenly subside or 
even rise without apparent cause and 
require complete re-adjustment of the 
gas-lift equipment. This variability, of 
course, usually characterizes produc- 
tion from limestone formations. 

These conditions plus the very 
urgent requirement that labor, equip- 
ment, and other charges entering into 
the total lifting cost be maintained at 
a low figure dictate largely the prac- 
tice that is followed. The surprising 
thing is that the wells can be produced 
at any profit at all when so much fluid 
must be produced. It is here that gas 
lift has proved its value because it is 
conceded that no other method could 
permit wells to be depleted to 3 and 5 
bbl. of oil per day as is being done 
economically in the Hendrick field. 
Excessive lifting costs occasionally 
dictate the abandonment of a well, 
but usually the limit is determined by 
inability to maintain the input gas-oil 
ratio below the legal limit of 10,000 
cu. ft. per bbl. 


Skillful Engineering Essential 
Skill and judgment on the part of 
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the engineer as the essential factors in 
obtaining efficient gas-lift perform- 
ance is emphasized nowhere so strongly 
as in West Texas. Ingenuity has been 
shown in the methods by which engi- 
neers with the oil companies and gas- 
lift equipment manufacturers have in- 
corporated new ideas to meet the spe- 
cific conditions encountered. This ef- 
fort to cope with the problems of the 
area has even taken the form of design- 
ing installations employing only stand- 
ard pipe and fittings, usually to main- 
tain equipment investment as low as 
possible in order to obtain low lifting 
costs. 


Combination tubing strings are be- 
ing used extensively in the Hendrick 
field in order to lift excessive fluid 
loads when necessary. Some installa- 
tions employ manufactured flow 
valves or jet collars but the installa- 
tion shown in Fig. 1 employs only 
standard tubing and couplings field- 
perforated as jet collars. The “set” 
tool may be a swedge or a steel plate 
or any other suitable device easily ob- 
tained in the field. This installation 
has been selected from the many types 
in use because it represents the prac- 
tice of one leading company operating 
in the Hendrick field and is employed 
by another company in the field with 
little difference except that a leather- 
packed working barrel having the 
valve omitted is used as a packer be- 
tween 114-in. and 3-in. tubing strings 
instead of the set tool. In the sketch, 
the depths shown for the perforated 
collars apply to the specific well 
selected as a representative installa- 
tion. This well is producing 7500 bbl. 
of fluid to obtain 70 bbl. of oil. The 
volume of input gas required is 
550,000 cu. ft. per day at 450 lb. 


pressure, a unit volume of 7860 cu. ft. 
per bbl. of oil. 

In operating an installation of this 
type, gas may be introduced into the 
annulus between the 1-in. and 3-in. 
tubing strings to unload the well and 
then in normal flow the gas enters 
through the 1-in. and is admitted to 
the casing through the perforations in 
the 34-in. tail pipe. The lower end of 
the 34-in. pipe is closed slightly to re- 
strict the passage of gas. This type of 
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device is being used satisfactorily to 
lift 7000 to 10,000 bbl. of fluid per 
day. The admitted inefficiency caused 
by the gas escaping constantly through 
the upper perforations is offset by the 
additional lift imparted as the fluid 
ascends. The installation is of the open 
type in that no packer is used to close 
the casing-tubing annulus. 


In the south part of the Hendrick 
field where low fluid levels are en- 
countered and in certain wells in the 
Kermit and Estes fields having low 
productivity indexes, one company is 
employing the installation shown in 
Fig. 2. A packer and a standing valve 
are used to prevent input gas pressure 
reaching the formation. Used in inter- 
mittent operation only, the injected 
gas evacuates the tubing string effec- 
tively to within 10 ft. of the stand- 
ing valve. The principal purpose of 
the drilled jet collar in the tubing 
string 200 ft. above the injection col- 
lar is to insure equalization of pressure 
between the tubing and casing to pre- 
vent excessive back pressure on the 
standing valve in the event the open 
end of the 1-in. tubing becomes sub- 
merged too quickly. The constant 
escape of gas through the jet collar 
serves to lighten the fluid column as 
it is lifted. 


Wells in the Kermit and Estes fields 
where this installation is proving ef- 
fective have bottom-hole pressures of 
730 and 525 lb., respectively, but the 
productivity indexes are low and it is 
important to maintain back pressure 
on the formation as low as possible. 


Low Fluid Level, Low-Pressure Wells 


Typical of older West Texas wells 
producing from sandstone formations 
is the low bottom-hole pressure now 
prevailing in some areas and the conse- 
quent low fluid levels in the well-bore. 
Whether all sand production in West 
Texas will be of this general type in 
the later stage of productive life it is 
too soon to say but the evidence thus 
far is indicative of this. Another char- 
acteristic of sand wells in West Texas 
in which much interest has been shown 
is the loosely-consolidated sand that 
seriously interferes with steady pro- 
duction by filling up the well bore and 
often sanding-up the production de- 
vice. 

Although the general problem as 
discussed here is found to some extent 
in other West Texas fields, it is princi- 
pally to conditions in the South Ward 
field that the remarks will be confined. 

Wells in the South Ward field are 
usually equipped with 7-in. casing set 
at a depth of approximately 2200 ft. 
The total depth of the wells is about 
2600 ft. The 400 ft. below the cas- 
ing may contain a 514-in. liner, but 
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more often the well is open to the 
formation. Oil production in the cen- 
tral part of the field is from the Penn- 
Bennett formation; gas is produced 
from the so-called Grand Falls sand. 
The loose sand is not so much from 
these producing formations as it is 
from the other sand zones alternately 
occurring throughout the exposed sec- 
tion. Perforated liners are usually not 
very effective in holding back the 
sand because of its floating tendency. 

After many experiments with vari- 
ous types of both pumping and gas 
lift equipment, surface-controlled in- 
termitters are found to give satisfac- 
tory service. 


Two types of. wireline-operated, sur- 
face-controlled, gas-lift systems are 
being used. Both systems are of the 
closed intermittent type utilizing a 
tubing packer above the casing seat. 
Below the packer, tubing is run to the 
bottom of the hole with a standing 
valve placed above the lower perfora- 
tions, or if run open-ended, at the 
bottom of the tubing. Inside the main 
tubing, a macaroni string is run below 
the intermitting valve to a point 
within a few inches of the standing 
valve. 


The two systems differ in many re- 
spects. In one type, unloading valves 
are spaced at regular intervals in the 
tubing string and a bottom-hole oper- 
ating valve is placed immediately 
above the packer. The unloading 
valves are used to exhaust the fluid 
from the annulus between the tubing 
and casing after the packer has been 
set, thereby eliminating the necessity 
of swabbing the well in order to place 
it on production. The unloading valves 
are also used to start flow again in the 
event the well is off production a few 
days and the casing becomes loaded 
with fluid. Both the unloading valves 
and bottom-hole operating valve are 
mechanically opened from the surface 
by a weight bar suspended on a heavy 
single-strand wire line. 

After the casing has been unloaded, 
the weight bar is spaced immediately 
above the bottom-hole operating valve. 
It is raised and lowered intermittently 
by a piston suspended directly above 
the tubinghead. As the piston raises, 
the heavy spring within the bottom- 
hole operating valve opens the gas 
ports, which allows the gas to enter 
the valve body, from which it passes 
outward into the annulus between the 
main tubing and macaroni string be- 
low the packer. The high-pressure gas 
admitted forces the fluid down and 
around the bottom of the macaroni 
string, through which it passes up- 
ward into the main tubing above the 
valve. This action may be traced in 
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the sketch of the device shown in 
Fig. 3. 

The mechanical intermitter at the 
surface controls the raising and lower- 
ing of the wire-line and weight bar. 
The piston suspended above the well- 
head is raised by gas pressure intro- 
duced into the cylinder at predeter- 
mined intervals, and its lowering is 
controlled by the velocity of the fluid 
at the instant it reaches the surface. 
As the valve at the bottom of the hole 
is always held open until fluid reaches 
the surface, fluctuations in casing 
pressure are not important. 

Slippage of gas through the fluid is 
held at a minimum with this system 
as the operating gas passes downward 
through the annulus between the tub- 
ing and macaroni string, and forces 
the fluid up through the small pipe 
into the main tubing above the valve. 

The other type wireline-operated 
valve is also run immediately above 
the tubing packer. In this system only 
the bottom valve is used, with maca- 
roni tubing extending downward from 
it to a point within a few inches of 
the standing valve. As unloading 
valves are not used with this system, 





Fig. 4 








SN 
LLALALLALLA 





kdl 





Vill 


LZ 


SS 5 DO OH.pY A 








Gy 


vid, 


N 


N 
N 
Nt 



































Fig. 5 


FLOW LIne 
CASING I$ CLOSED- 


~ 
NO INJECTION GAS IS USED) 


2TO4 FLOW VALVES 
ARE INSTALLED 


4 









DISC CHOKE WITH '/e-in 
HOLE WHICH CAN BE 
BROKEN 





\ 
DISC CHOKE with Mem 
WOLE 

















it sometimes may be necessary to swab 
the well down before putting it on 
production, unless high pressure gas is 
available at sufficient pressure to kick 
the well off around bottom. 

The design of the bottom operating 
valve as shown in Fig. 4 is such that 
the gas is directed down through the 
macaroni string, and the fluid is pro- 
duced upward through the annulus. 
This direction of flow is very efficient 
through the annulus between maca- 
roni and small tubing, but may tend 
to produce slippage when large fluid 
accumulating chambers are used. 

As in the other type system, the 
valve is opened and closed by a weight 
bar suspended on a wireline. The 
valve used with the first type system 
mentioned opens, however, on the up- 
stroke of the intermittently-controlled 
piston. In the second type, the valve 
opens on the downstroke. Instead of 
employing the automatic fluid release, 
the intermitter used is fully time-con- 
trolled. It is set to open the valve in 
the bottom of the well at fixed time 
intervals, and also set to hold it open 
for a period of time sufficient to pass 
the required volume of gas to produce 
the fluid; therefore, because the valve 
is only held open for a set time inter- 
val, it is important that the casing 
pressure be constant. 

Both intermitting systems described 
are working satisfactorily in Ward and 
Winkler County installations. Rec- 
ords since the intermitters have 
been installed show that down- 
time has averaged about 3 percent 
during the last two years, a remark- 
able record considering the great 
amount of lost time and expense in- 
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curred in cleaning-out wells prior to 
their installation. 


The principal advantages of inter- 
mitters of this type are (1) high 
velocity of the gas or fluid sweeping 
the chamber above the standing valve, 
thus keeping the sand in motion and 
producing it as it enters the tubing; 
(2) the ability to lift from bottom in 
sub-packer installations permits a 
satisfactory oil volume to be produced 
without the necessity of maintaining 
a static head of oil between the stand- 
ing valve and the packer, and (3) the 
positive control of the gas injection 
interval enables a close adjustment of 
the gas volume to the amount needed, 
thus conserving on gas consumption. 


Another type of installation being 
used in certain wells in the Keystone 
field, Winkler County, is shown in 
Fig. 5. The wells are being produced 
by gas lift utilizing the energy of for- 
mation gas collected in the annulus 
between the casing and tubing. The 
essential feature of the installation, 
aside from the flow valves that are 
used, is the one or more choke disks 
used to retard the rate at which fluid 
is admitted to the tubing. No packer 
is used and the fluid column in the 
annulus must be depended upon as a 
seal to prevent the gas being dissi- 
pated by passing into the tubing. Prior 
to the installation of the choke disks 
and because the productivity indexes 
of the wells are low, each time a load 
of oil would be lifted in the tubing by 
successive operation of the flow valves, 
equilibrium between the tubing and 
casing would be reéstablished by the 
inrush of oil from the casing into the 
tubing rather than from the forma- 
tion, quickly resulting in the ejection 
of all the fluid in the annulus above 
the bottom of the tubing and permit- 
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ting the gas to blow-by and be lost. 
The simple expedient of restricting the 
flow of fluid into the tubing by means 
of the choke disks permits the fluid 
in the tubing to be replaced from the 
formation rather than from the casing 
by: imposing a rate more nearly equal 
to the productive capacity of the for- 
mation. In the initial adjustment, a 
number of choke disks may be used, 
increasing the orifice size from the top 
downward. If the smallest disk proves 
to offer too much restriction, it may 
be knocked-out by a tool lowered-in 
from the surface. Likewise, successive 
disks may be removed until the rate 
of flow is satisfactory. 


Another type of sub-packer installa- 
tion used extensively throughout West 
Texas in wells having extremely low 
bottom-hole pressures is shown in Fig. 
6. Employing a packer and a stand- 
ing valve to prevent input-gas pres- 
sure from being exerted on the for- 
mation, an accumulation chamber may 
be used as shown or omitted in wells 
where the formation pressures are 
higher and the reduction of back pres- 
sure against the formation is not so 
essential. The flow valve above the 
packer serves as an unloader but nor- 
mal operation is usually obtained 
through the sub-packer valve, which 
may be any one of several on the mar- 
ket designed to admit gas outward 
from a tubing string into a larger 
string of tubing or casing. 


Fig. 7 is a sketch of a simple in- 
stallation being used effectively in 
West Texas in intermittent operation. 
Of the straight-lift type employing 
an open-ended macaroni string within 
a 2-in. or 2'%4-in. tubing string 
equipped with an accumulation cham- 
ber and a standing valve, the intermit- 
tent feature is imparted by a time- 
cycle controller adiusted to operate as 
often and for as long a period as is 
warranted by the characteristics of the 
well and/or the daily production de- 
sired. Incidentally, one or two instal- 
lations of this type have been made, 
employing a series of telescopic col- 
lars or valves in the inner string, ac- 
tuated by lowering or raising the tub- 
ing at the surface. This affords a 
means of unloading the tubing in 
wells capable of accumulating a high 
column of oil. 


One other interesting arrangement 
that is being used in open-lift instal- 
lations in West Texas utilizes a time 
controller to intermit gas to a conven- 
tional flow-valve installation with the 
volume of admitted gas closely con- 


trolled to do the work necessary and 
no more, thus conserving gas con- 
sumption but more important, pre- 
venting the gas from blowing-by the 
bottom of the tubing and interfering 
with the steady production from the 
formation. 


Lifting by "Braden-Heading" 


In certain instances throughout the 
‘West Texas area, operators have been 
able, by suitably packing-off overly- 
ing gas sands, to use the energy of the 
gas to lift oil from the well either in 
continuous or intermittent flow, em- 
ploying straight gas-lift or flow valves 
as warranted. 

Of this type of installation are 
those in which the high-pressure inert 
gas occasionally encountered in the 
Yates sand is used as a lifting medium. 

Gas lift in West Texas is being 
practiced extensively with installa- 
tions ranging from conventional types 
to new applications, some incorporat- 
ing new principles, others reverting to 
the earliest and simplest arrangements 
known. The methods selected here for 
discussion represent what are believed 
to be the more interesting and more 
representative of the many in use in 
the area. Widespread as the use of gas 
lift is at the present time, it is believed 
that a more extended use of gas-lift 
principles will come in the future as 
the many wells now flowing decline 
and require artificial lifting of some 
kind. Many of these wells produce 
little or no gas and this deficiency of 
a lifting medium will undoubtedly in- 
fluence the selection of the type of 
artificial lift employed. 





Fig. 7 
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The Technology of Refining Processes 


Article 1 


By 
ARCH L. FOSTER. 


THERMAL CRACKING 


The Lubri-Zol Corporation, Cleveland, Ohio 


INTRODUCTION 


HE primary operation in petro- 
4 kt refining is and has always 
been—distillation. From the first crude 
“pots” in Pennsylvania, erected over 
the simplest of brickwork fireboxes, 
having a simple “gooseneck” vapor 
line and as simple a bent coil immersed 
in a wooden, water-filled tank, em- 
ploying locally-mined coal as fuel, dis- 
tillation methods and their develop- 
ment have been the chief concern of 
the refiner, in separating the chemi- 
cally labyrinthine mazes of this un- 
believably complex mixture of hydro- 
carbons. 


Distillation fundamentally is merely 
the vaporization of a material, nor- 
mally a liquid, and the condensation of 
the vapors to liquid again. The defini- 
tion of simple distillation does not in- 
volve the careful separation of the 
vapors into narrow-boiling fractions, 
nor does it imply any chemical or 
molecular change in the products dis- 
tilled. It is a purely physical opera- 
tion by which, in practice, a mixture 
of liquids of different boiling points 
may be separated more or less crudely 
from each other or from non-volatile 
impurities that we desire to eliminate 
from the final product. In this con- 
nection an impurity, according to an 
old and widely experienced rule-of- 
thumb refinery operator, is “anything 
that is found somewhere where we 
don’t want it.” 


Originally the Pennsylvania refiner 
distilled crude petroleum to obtain 
“coal oil” or kerosine; the lighter 
gasoline was a nuisance and the con- 
denser was often run “hot” in order 
to eliminate this wild material, which 
caused lamps to explode and tended to 
bring the new type of household illu- 
minant into disrepute because of the 
danger of using it. Kerosine competed 
then with the older coal oil, obtained 
in the same region from the destruc- 
tive distillation of coal, and the coal 
oil salesman built much of his selling 
argument around the danger involved 
in the use of this new-fangled, ill- 
smelling stuff made from “rock oil.” 


This condition of affairs forced the 
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oil refiner to get rid of the “wild” 
portion of his kerosine, and gradually 
was developed the next step in the 
technology of the separation of petro- 
leum components—fractionation. Frac- 
tionation is the operation of separat- 
ing any desired product or products 
from a mixture, usually into pre- 
determined, relatively very narrow 
boiling-range fractions from which 
commercial products may be refined. 
The separation is on the basis of boil- 
ing range entirely. The earliest ‘“‘frac- 
tionators” were merely open, cylindri- 
cal columns, and the heavier vapors 
ascending from the boiling liquid in 


the still were in part condensed and 
dropped back to be revaporized; this 
column gave only the most rudimen- 
tary fractionation, and this system was 
followed rapidly by the baffled tower, 
the packed tower filled with chain, 
brick, specially designed rings, blocks, 
etc., until the present almost univer- 
sally used bubble-plate tower was de- 
veloped, borrowed in great measure 
from coal-tar and alcohol distillation 
practice, and adapted to the peculiar 
needs of petroleum fractionation. The 
principle of all fractionating towers is 
intimate and repeated contact between 
down-flowing condensed liquid and 
up-rising vapors, enabling the vapors 
to rob the condensed liquid of its 
lighter fractions and carry them up- 
ward as vapors, at the same time con- 
densing the heavier fractions of as- 
cending vapors to mingle with the 
down-flowing condensate. 


The other fundamental principle in 
refining technology is chemical purifi- 
cation. In its simplest form as most 
widely used in earlier practice it con- 
sisted almost entirely of treatment 
with sulphuric acid or of filtration 
through bone char, decolorizing earth, 
or similar agents. Sulphuric acid com- 
bines chemically with olefins, aromatics 
and other components, dissolves as- 
phaltic and other materials such as res- 
inous bodies, sulphur-, nitrogen- and 
oxygen-containing products, and for 
decades was the almost universal re- 
fining agent on light and heavy dis- 
tillates alike. Filter agents remove color 
bodies by adsorption, as well as resin- 
ous and similar impurities. Beyond the 
fundamental concept of adsorptive 
filtration, the action of these agents is 
not too well understood. 


Only recently two new principles 
have been introduced into the tech- 
nology of petroleum refining. One of 
these is another method of separating 
crude oil into its components by dif- 
ferences in solubility of different types 
of compounds in a solvent immiscible 
with a raw petroleum fraction, or with 
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which different components are misci- 
ble in widely varying degrees. Solvent 
extraction is applied both to light frac- 
tions such as kerosine and in a few 
instances gasoline, and to heavy lubri- 
cating oil fractions. This development 
will be discussed in greater detail in a 
later article. 

The fourth principle in refining may 
be termed molecular change of petro- 
leum hydrocarbons. Changes produced 
by the operations mentioned are physi- 
cal and presume no appreciable rebuild- 
ing of the chemical structure of the 
products. Molecules as found in the 
crude material are found also un- 
changed in the final products, or are 
eliminated by chemical treatment and 
removed from the product. Since Dr. 
Burton in 1912 started his first crude 
cracking operation, the refiner has used 
more time, money, and ingenuity in 
the development of cracking processes 
than in any other phase of refining. 
Cracking still is the most important 
operation in the petroleum refinery and 
in its numberless ramifications will 
doubtless maintain that position for 
decades to come. Cracking has been 
amplified in very recent years by the 
remarkable developments of polymer- 
ization or the combination of smaller, 
olefinic or unsaturated hydrocarbons to 
form larger molecules; alkylation, the 
combination of olefinic with paraffinic 
or saturated hydrocarbons, also to form 
heavier molecules of the same or dif- 
ferent types; aromatization, the re- 
arrangement of aliphatic or straight- 
chain saturated molecules to form 
molecules of the unsaturated benzene 


type; isomerization, or the conversion 
of straight-chain paraffins to iso-par- 
affins; hydrogenation, the decomposi- 
tion and rearrangement of molecules, 
usually heavy products, to form mole- 
cules of radically different chemical 
structure, with the addition of hydro- 
gen to give more saturated products 
of the chemical composition and prop- 
erties desired; and some other -ations 
all of which have as their primary re- 
sult the rebuilding or rearrangement 
of molecular structures to obtain ma- 
terials with more desirable properties. 

This very brief introduction does 
not take into account the innumerable 
variations in refining processing that 
have come into practice in recent years. 
We are pointing out the primary, 
fundamental principles around which 
the technology of this most modern of 
all industrial developments is built. The 
application of these principles to refin- 
ing, to the manufacture of commercial 
products, will be discussed in later 
articles in as great detail as space limi- 
tations will permit. 


MODERN CRACKING 
TECHNOLOGY 


As stated in an earlier paragraph 
cracking is the most important opera- 
tion in modern refining. For the un- 
initiated the term “cracking” may be 
taken somewhat literally, indicating 
the breaking up of heavy molecules to 
form those of lower molecular weight, 
identical in principle in the minds of 
the earlier less technically minded op- 
erators to the action of a crusher on 
stone. 





A. Thermal Cracking 


Cracking, however, in practice in- 
volves a general decomposition, rear- 
rangement, dehydrogenation, hydro- 
genation, and polymerization of the 
charging stock. Clearly indicative of 
the presence of all these reactions is 
the result of heating any given charg- 
ing stock such as gas oil under elevated 
pressure and temperature in a still 
without permitting any material to 
escape from the system. Beginning with 
a stock of boiling range, say, 400 to 
675°F., the resulting cracked mixture 
in the still after a few hours’ heating 
at 900°F. or higher will have a boil- 
ing range from 100°F. or lower to 
heavy asphaltic materials that cannot 
be distilled without decomposition, 
even at reduced pressures. Thus crack- 
ing produces both lighter and heavier 
products, and in earlier days the term 
“synthetic crude” was applied to the 
mass of liquid so formed under pres- 
sures and temperatures higher than at- 
mospheric. 


Three major factors affect and con- 
trol cracking operations—pressure, tem- 
perature, and time of exposure of the 
charge to these conditions. Increase in 
the value of any of these factors in- 
creases the degree of cracking obtained. 
The rate of cracking per unit of time 
is doubled for each increase in tempera- 
ture of 15 to 20°F., researchers have 
found, maintaining pressure and time 
constant. This value is variable, some- 
times being less at higher temperatures 
or pressures. Therefore, to obtain a 20 
percent yield of gasoline per pass 
through the system on a given charge 
stock in a given time, a cracking unit 
may be operated at 960°F.; to double 





Fig. |. Simplified flow chart of 4-coil combination cracking unit 
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this rate in the same time a tempera- 
ture of 975 to 980°F. might be em- 
ployed. Correspondingly, maintaining 
the stock at higher pressures or for 
longer periods of time increases the 
amount of cracking “per pass.” To in- 
crease the time factor and the amount 
of cracking and at the same time to 
prevent the deposition of carbonaceous 
matter in the heating coils, reaction 
chambers are employed in which the 
heated charge is held at a predeter- 
mined temperature, to give the desired 
time of exposure of charge to the pres- 
sure and temperature needed to crack 
it to the desired degree. 


In modern cracking the terms vapor- 
phase and liquid-phase, formerly used 
to differentiate between cracking that 
occurs with oil in the vapor state and 
in the liquid state, respectively, are 
somewhat misnomers, as both types of 
operation are intermingled in present- 
day practice. Some purely vapor units 
are now in operation as will be de- 
scribed later. More generally the term 
mixed-phase may be applied to most 
cracking operations at present, wherein 
cracking under both liquid- and vapor- 
phase conditions are employed. 


Two main operating principles gov- 
ern cracking as we know it today. One 
is the principle of recycling charge 
stock; that portion of it which has not 
been sufficiently cracked to the desired 
boiling range or which does not possess 
the desired degree of anti-knock prop- 
erties is pumped back through the 
heating coils repeatedly, after the frac- 
tionating system has removed the por- 
tion that has been adequately cracked 
after each pass through the heater- 
reaction chamber system. The per- 
centage cracked in each pass with 
any stock is limited by the amount of 
gas formed, the quantity of coke de- 
posited, and the properties of the gaso- 
line desired, the amounts of coke and 
gas being increased with increases in 
time, temperature, and pressure. There- 
fore experience has shown that crack- 
ing a relatively small percentage per 
pass with reduction in coke and gas 
losses, and the maintenance of clean 
heater coils, is preferable to high crack- 
ing percentages and the increase in 
these losses and early clogging of coils 
by coke with resultant earlier and more 
frequent shutdowns for clean-outs. 


Optimum cracking rates per pass for 
different stocks are stated by Smoley 
and collaborators (National Petroleum 
News, Sept. 8, 1937, page R-159), to 
be as follows: viscosity-breaker stocks, 
3 percent to 10 percent; heavy virgin 
and heavy refractory stocks, 10 per- 
cent to 18 percent; light virgin and 
light refractory stocks, 14 percent to 
30 percent. These three groups of 
products correspond to heavy residual 
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and recycle stocks, as reduced crudes 
and recycle bottoms; heavy gas oil and 
heavy overhead recycle stocks; light 
gas oil and/or heavy kerosine bottoms 
and recycle stocks of similar gravity 
or boiling range. 

Assuming a crack-per-pass rate of 
20 percent, then theoretically it will 
require five trips through the cracking 
unit to crack all of any given quantity 
of fresh stock introduced at any given 
time. Actually this does not occur, as 
the rate of cracking recycle stock is 
lowered by each pass, the recycle stock 
becoming more and more refractory 
and “dirty,” charged with carbona- 
ceous material until at last it is reduced 
to coke in a special unit or operation. 
Or it is included with other heavy, 
foul residual stock as heavy fuel oil, 
it being no longer economic to pollute 
the fresh stock with it or to heat it 
further because of the reduced yields 
of gasoline obtained. 


In practice the percentage of recycle 
stock to fresh stock in the charge go- 
ing to a cracking coil may range from 
ratios of 2 to 1 to about 5 to 1; even 
higher proportions are sometimes used, 
depending upon the specific conditions 
or on the products or yields desired. 
That is, fresh stock must be added to 
the recycle continuously to replace the 
amount of charge removed by cracking 
to gasoline, and the amount of very 
heavy residuum drawn-off to fuel oil 
or reduced to coke. The amount of 
stock converted to gasoline, plus the 
amount of heavy uncrackable residuum 
pumped away as fuel oil may be con- 
sidered by the operator to total 50 per- 
cent of the charge. Then only 50 per- 
cent of the original stock is recycled, 
and to maintain the charge rate to the 
still an equal amount of fresh feed 
must be added continuously. Thus the 
ratio of total feed to fresh feed added 
at any instant is 2 to 1. If only 25 per- 
cent of the total charge—fresh plus 
recycle feed—is cracked per pass, and 
5 percent of the heavy residuum is 
removed, a total of 30 percent, the 
ratio of fresh feed to total feed is 314 
to 1. 


The second principle employed al- 
most universally in modern cracking 
is that of multi-coil selective cracking. 
A topped crude, for example, is divided 
into two or more fractions in an at- 
mospheric pressure tower. Each frac- 
tion requires different temperatures and 
pressures, different times; that is, 
throughput rates, different recycle 
ratios, to obtain the best yields of the 
best quality product. Cracking the 
whole mass under the same conditions 
in the same coil would result in over- 
cracking the less refractory portions 
and under-cracking the more refrac- 
tory fractions, with increased loss in 





yield and quality in both cases. There- 
fore separate coils are employed for 
each charge stock, light gas oil, heavy 
gas oil, kerosine bottoms, heavy resid- 
ual stock, and even for reforming 
straight-run naphtha fractions. Each is 
operated under such temperatures, 
pressures, and charge rates as experi- 
ence has shown best for each partic- 
ular stock, as will be outlined later. 


The highest level of development of 
the modern cracking unit is the so- 
called combination topping-cracking 
system in which the raw crude is in- 
troduced, is broken into its various 
fractions and these portions either sent 
“as is” to the treating plant, or are 
cracked in their several coils under 
optimum conditions. This is a con- 
tinuous process, heat exchange is used 
to a maximum degree to reduce oper- 
ating costs. 


A typical three-coil unit will be de- 
scribed. No attempt will be made to 
differentiate between the processes de- 
veloped earlier under the names of 
Dubbs, Cross, Holmes-Manly, and 
others. The major principles used in 
each are identical, different methods 
varying chiefly in relatively minor de- 
tails, which are important only when 
studying their operation in meticulous 
detail. 


A 14,000-bbl.-per-day unit recently 
built charges a well-known mixed-base 
crude. The raw crude is introduced to 
the system through heat exchangers, 
picking up heat in turn from overhead 
gasoline vapors, kerosine or gas oil 
sidestreams, cracked charge on its way 
to reaction or flash chambers, and 
heavy residuum from the flash cham- 
ber that is on its way to cooler and 
fuel oil tanks. This charge may reach 
a temperature of 500-650°F. without 
an ounce of fuel being burned directly 
to heat it, merely absorbing the other- 
wise waste heat in products already 
heated. Or, it may pass finally through 
a simple, short heater coil and receive 
additional heat from combustion gases, 
if the exchange heat available is not 
enough to effect the temperature de- 
sired. The crude so heated is flashed 
into a fractionating tower, so con- 
trolled that a light straight-run gaso- 
line fraction is vaporized overhead and 
condensed, to be treated and commin- 
gled with the cracked distillate ob- 
tained later. Kerosine, one or two 
streams of gas oil, are taken from the 
side of the tower as condensed at dif- 
ferent points, “stripped” to remove 
too-light portions condensed with the 
heavier material, and are pumped to 
their respective cracking coils, or may 
be sent to storage for refining and sale 
as such. A heavy naphtha fraction, 
boiling at a lower range than the kero- 
sine, may be taken from near the top 
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of the tower for reforming to a higher 
octane number. The heavy residuum 
from the tower bottom is pumped to 
a separate coil in the cracker, where it 
is heated for viscosity-breaking, to 
produce a heavier gas oil product for 
further cracking, a small yield of gaso- 
line, and heavy fuel oil bottoms. 


In the unit referred to here, the 
heavy residuum is heated at 880°F. 
and 220-lb. pressure along with a heavy 
recycle stock to yield heavy cracking 
stock and heavy fuel oil, which is not 
cracked further because of its very 
heavy gravity and the amount of ex- 
tremely heavy material present, which 
cokes-up still tubes very rapidly. A 
second coil cracks the heavier gas oil 
and recycle stock at 960°F. and 500- 
lb. pressure. The third coil is used 
either for cracking a light gas oil and 
recycle stock on a once-through basis, 
at 960°F. and 750 lb., or for reform- 
ing a heavy naphtha (lighter than 
kerosine), at 975-1000°F. and 750 lb. 
The light gas oil was 16 percent of the 
crude, the 55-octane number virgin 
gasoline was 27 percent, and 57 per- 
cent reduced crude was fractionated to 
yield heavy gas oil, with 25 percent 
heavy fuel oil as the total fuel oil 
yield from the unit. The final yields 
were 68 percent of stabilized gasoline 
of 66-octane number, 25 percent fuel 
oil, and 6-7 percent gas loss. 

In a similar, four-coil operation on 
Michigan crude, 7.3 percent of a 
221°F. endpoint, 64-octane number, 
straight-run gasoline was removed 
from the crude by heat exchange and 
flashing in the crude tower; the re- 
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forming coil operated on heavy naph- 
tha of 453°F. endpoint, at 750 lb. and 
975°F.; the light oil coil operated at 
600 lb. and 995°F.; the heavy oil 
heater at 400 lb. and 925°F., and the 
viscosity-breaker was run at 235 lb. 
and 880°F. To reduce the fuel oil to 
the low gravity desired the fuel oil 
flash tower, into which the heavy re- 
siduum is flashed after heating, was 
maintained at 1-lb. gauge pressure by 
a steam ejector. 


Yields from this refractory crude by 
this operation were 64 percent of total 
stabilized gasoline of 396°F. endpoint 
and 63-octane number, 25 percent of 
9.6-gravity fuel oil, and about 11 per- 
cent gas loss. 


Another type of operation is the so- 
called coking method. By this process 
a series of heavy reaction chambers are 
connected to the charge transfer line, 
in parallel, and the heated charge is 
led into each of these chambers, in 
turn, at temperatures and pressures 
comparable to those mentioned above, 
maintained therein at essentially those 
temperatures for varying lengths of 
time, the cracking reaction continuing 
and depositing coke in the chamber. 
The “soaked” charge minus the depos- 
ited coke is then flashed in a separate 
chamber where the pressure is reduced 
to 30 lb. or lower. Much of the charge 
is vaporized in this chamber and passes 
overhead to the fractionator while the 
heavy residuum is withdrawn and re- 
heated, continuing this cycle until all 
the charge is either cracked to gasoline 
or deposited as coke. Thus only three 
products are made in this system, gaso- 


line, coke, and gas. The gas may be 
used as still fuel, after the 3- and 4- 
carbon olefins are extracted and poly- 
merized into high octane number gaso- 
line, as will be discussed in a later ar- 
ticle. 


Yields from this type of operation 
will be as high as 68-72 percent of 70- 
74-octane number gasoline, not includ- 
ing the virgin gasoline removed in the 
crude still, the percentage of which 
will vary with the crude—averaging 
about 20 percent for Mid-Continent 
crudes—10 percent or more gas loss, 
and the remainder, 20 percent more or 
less, coke. Comparable yields when 
running to a good grade of 8-10 grav- 
ity fuel oil will be 50-55 percent of 
the reduced crude to cracked gasoline, 
25-30 percent fuel oil, 5-10 percent 
gas, and a negligible amount of coke. 

Innumerable variations of these op- 
erating conditions and yields are em- 
ployed in the complicated cracking 
units now in use, too many to outline 
here even briefly. These few examples 
serve to indicate the typical conditions 
employed in a so-called mixed-phase 
cracking unit, a type of operation that 
is responsible for nearly half the quan- 
tity of gasoline now produced in 
America. 


The cost of operating cracking units 
varies so widely that only very gen- 
eral terms may be given. In one in- 
stance the overall operating cost is es- 
timated at 40 cents to $1.00 per bbl. 
(National Petroleum News, May 4, 
1938, page R-206), of which 22 per- 
cent is labor, 36 percent fuel, 20 per- 
cent maintenance and cleaning, and 22 





Fig. 2. Simplified flow chart of vapor-phase cracking unit 








eomencecee S 





CAARGE /N 


= 






































REACTION 
CHAMBER 
FRACTIONATOR 





ALLA 





MEATER 
+ FLASH TOWER fe 




















SCRUBBER 





ACCUMULATOR 


4 1 


ABSORBER 


HEATER GAS 




























































































L 





-- --- 


4H] STABILIZER COLUMN 























[ 








RESIDUUM 








GASOL /NE 








THE PETROLEUM ENGINEER, JAN., 1940 





O USE AN OU MANS CEMENT 


OTHING succeeds like success. Which is why ‘Starcor’s 

record on job after job—in deep, hot wells... in soft forma- 

tions with crooked holes . . . on difficult squeeze jobs—is the Oil 
Man’s soundest assurance. 

Continuing research, in the laboratory and in the field, enables 
Lone Star to make cements with the properties and qualities needed 
to meet the ever-changing conditions of oil industry service. Earn- 
ing, for both ‘Starcor’ and ‘Incor’, the right to be called the Oil 
Man’s Cements. 

‘Starcor’ for deep wells, greater length and ease of pumpability at 
high temperatures. ‘Incor’ for wells of moderate depth—earlier 
drill-out, wells on production quicker. Use ‘Starcor’* or ‘Incor’* 
next time—it’ll pay you well. “Reg: U.S. Pat. Off. 


LONE STAR 


CEMENT CORPORATION 


DALLAS: Santa Fe Building - - + + HOUSTON: Shell Building 








percent utilities—steam, power, water, 
and chemicals. Other estimates, based 
on different types of operation, show 
a cost of 26 cents per bbl. actual run- 
ning costs, when separate units are used 
for the different steps. A combination 
unit such as has been described will cost 
about 20 cents per bbl. by this system 
of cost accounting. Eliminating the 
viscosity-breaking reduces this cost to 
about 17.5 cents per bbl. (National 
Petroleum News, Sept. 7, 1938, page 
R-415). To include the cost of paying 
out the unit, overhead expenses, etc., 
will increase these figures somewhat 
but exact data can hardly be given that 
will not be misleading. Return on in- 
vestment increases with increased 
throughput capacities; this rate even- 
tually runs into the “Law of Dimin- 
ishing Returns,” at- which maximum 
capacity, however, exact figures are not 
available. 


B. Vapor-Phase Cracking 


Vapor-phase cracking methods, 
wherein the charge stock is vaporized 
and then brought to cracking temper- 
atures usually at atmospheric or low 
pressures, are employed in a number of 
commercial units today and are desir- 
able particularly where special stocks 
are available. Where the economics of 
a refiner’s position is “right,” this proc- 
ess of cracking can be utilized to good 
advantage on virtually any type of 
stock that can be vaporized satisfac- 
torily. The charge stock is vaporized 
by heating in a simple pipestill and 
flashing in a chamber to eliminate the 
heaviest fractions. The vapors are then 
introduced into any practicable heater 
such as a pipestill, and may be later 
commingled with a gaseous heating 
medium such as still or natural gases, 
flue gases or other vapor material that 
has been previously heated to tempera- 
tures of 1000-1200°F. or any tempera- 
ture that experience has shown to be 
adequate to complete the cracking re- 
action. 

As an example of vapor-phase oper- 
ation, the design and operation of a 
unit now cracking Pennsylvania gas 
oil will be outlined. This gas oil is a 
special stock in that it is the only por- 
tion of that crude—except heavy naph- 
tha for reforming—that is cracked, 
and therefore creates a situation where 
the combination type of unit is not 
necessary. This unit consists of a va- 
porizing still to which the gas oil is 
charged at 375°F.; a flash chamber 
where it is vaporized after being heated 
to about 830°F.; a superheater furnace 
containing two pipe coils, in one of 
which the vapors are heated to 960°F. 
In the other superheater coil still gas 
taken from the gasoline stabilizer- 
stripped overhead is heated to about 
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1200°F.; the heated charge vapors and 
this superheated gas are mixed by en- 
tering a common line just outside the 
furnace, then pass into the scrubber 
at 950°F., where it is scrubbed by 
fractionating tower bottoms. Vapors 
then pass from here to the tower, from 
which cracked distillate is taken over- 
head at a 380°F. vapor temperature, 
and the tower bottoms, recycle stock, 
is held at 540°F. and drawn off con- 
tinuously to be added to the fresh charge 
in a 2 to 1 recycle-to-fresh-oil ratio 
to be returned to the vaporizing fur- 
nace. Condensed gasoline is received 
into an accumulator from which it is 
drawn for stabilization, and from 
which also a compressor draws gas, 
compresses and cools it to recover 
liquid pentanes and sends part of the 
stripped gas, along with stabilized tops, 
to the recycle gas heater, another part 
to the “flash gas” heater, from which 
the gas is discharged into the flash 
drum to aid in vaporizing the incom- 
ing heated charge stock. 


Pressures in this unit are nominal as 
compared with mixed-phase methods 
discussed earlier. The vaporizer fur- 
nace operates at a temperature of about 
1300°F., the cycle gas furnace at 
1450°F., the superheater at 1250°F., 
and the reboiler oil, used in a heat ex- 
change type of reboiler to strip the 
stabilizer tower bottoms (stabilized 
gasoline), is used at 580°F. The flash 
drum operates at 150 lb. gauge, the 
scrubber at 120 lb., the recycle oil 
pump discharges at 375 lb., whereas 
the fractionating tower is under 95-lb. 
pressure. 


The yield of gasoline from this oper- 
ation is about 67 percent of the charge 
stock, with 17-20 percent gas loss and 
11-13 percent heavy fuel of 3.0-5.0 
gravity. The octane number of the 
cracked gasoline is about 75; however, 
when 2300 bbl. of cracked gasoline is 
blended with 2800 bbl. of 53-55-octane 
number virgin gasoline, the blend 
shows a 70 A.S.T.M. octane number. 
From these data the blending octane 
number value of the cracked product 
is calculated to be approximately 90 
to 95. 


This type of unit has also been oper- 
ated on heavy naphtha as a reforming 
unit with interesting results. Remov- 
ing a 250°F. endpoint virgin gasoline 


of 67-octane number from the crude” 


first, a heavy naphtha cut is taken, 
amounting to about 20 percent of the 
crude, having endpoint of 420-430°F., 
and octane number of about 35 
A.S.T.M. Operating on this heavy 
naphtha in the same general manner as 
described for gas-oil cracking, this unit 
has processed as much as 1000 bbl. to 
give 80-82 percent yield of 410°F. 
endpoint and a blending octane number 


of 90 or higher, the blend of virgin 
and cracked gasoline having 70-72- 
octane number. Pressures and tempera- 
tures used are of the order of those 
employed for cracking gas oil, such as 
95 lb. on the stabilizer absorber and 
125 lb. on the reaction chamber or 
scrubber. 

This unit may be taken as indicative 
of principles of operation of vapor- 
phase cracking. This principle has been 
so incorporated to one degree or an- 
other into mixed-phase operation that 
the two types of process cannot always 
be differentiated. 

Recently much attention has been 
given to other variations of cracking 
operations. In the vapor-phase (T.V.P.) 
process just described data are available 
to show that several percent increase 
in yield is obtained by superheating the 
vapors with still gases, as compared 
with results when inert gases such as 
flue gas are used. Presumably this is 
the result of polymerization of the 
light gases with the heavier vapors or 
their cracked products during the in- 
timate contact time in the scrubber. 

More recently much curiosity has 
been aroused by verbal rumors of 
Polyform cracking methods, about 
which nothing of importance has been 
made public. This process is being 
widely applied in commercial practice, 
but because of an involved patent sit- 
uation developing between different 
companies, technologists who are in- 
formed on the subject are loath to dis- 
cuss the process in any manner. 


In one semi-commercial-sized expe- 
rimental plant the method of combin- 
ing butanes and propanes from refinery 
and natural gases with gas oil charge 
stock has been studied with, it is under- 
stood, some interesting results. What- 
ever the reactions that take place, that 
of polymerization between lighter and 
heavier molecules, as well as polymeri- 
zation of light-to-light molecules, 
doubtless occurs; in addition hydroge- 
nation effects may very probably be 
present. A similar operation has been 
used, we are told, in two or three com- 
mercial-sized units, by two or more 
refining companies. 

The literature and technology of 
thermal cracking is so voluminous that 
no more than a glimpse of the “high 
spots” of this tremendously important 


_and fascinating field can be given in 


a few hundred words. From the few 
examples “and facts given above the 
young engineer can obtain a general 
idea of the ramifications of the field, 
which is still doubtless only in its in- 
fancy. 

Editor’s Note: The next article will 
take up the more recently developed 


and more fascinating field of catalytic 
cracking. 
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LEFT: The octagonal drill stem is 
especially suitable for pressure 
packing. 


RIGHT: The hexagonal stem 
combines advantages of the 
octagonal and square stems. 
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EXECUTIVE OFFICES: PITTSBURGH, PA. 
GENERAL SALES OFFICE: TOLEDO, OHIO 
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“Reg. U.S. Pat. Off.” 


DRILL COLLARS 


Drilling stresses have no respect for weak sections 
especially where service is severe. Thatis why it pays 
to specify Ideal Alloy Fully Heat Treated Drill Collars. 


Forged from the highest quality billets, heavy hammers 
reduce every inch of the steel into a fine grained struc- 
ture. Extra endurance and toughness are literally 
hammered-in. 


After the forging conan’ three separate full-length 
heat treatments are given to insure hardness, toughness 
and strength in the best combination for exacting 
service. 


Specially built machines that bore simultaneously from 
both ends insure a true center bore. Circulation holes 
are straight, smooth, and accurately centered. The 
resulting uniform wall thickness contributes to greater 
strength and balance, and smoother rotation at higher 
speeds. 


“Reg. U.S. Pat. Off.” 


DRILL STEMS 


Ideal Upset Drill Stems are made in square, hex- 

agonal and octagonal types. They are forged in 
one piece from selected steel billets and normalized to 
equalize and remove forging strains. The ends are 
further heat treated to give the best combination of 
hardness, toughness and strength. True center bore 
circulation holes are insured by the same method of 
boring as used on Ideal Drill Collars. 
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DIVISION OFFICES: FT. WORTH, 


TULSA, OKLA.; 

















LEFT: The square stem has the best 
driving characteristics. 
RIGHT: Ideal Drill Collars 
are made in all regular 
sizes and specifications. 


) I 


T 


TEXAS; 


TORRANCE, CALIF. 





Efficiency and Load Tests 
On Well-Pumping Unit 


Series of tests on a conventional type 


= 
EXCL USTV! 


pumping unit were made to determine the 


efficiency and load with tail bearing in 
three different positions 


By BAYO HOPPER 


Mechanical Engineer, Lufkin Foundry and 
Machine Company 


HE OBJECT of these tests was 

to determine the relative merits 
of pumping unit designs: (1) with the 
tail bearing below the walking beam 
on a centerline with the center-bear- 
ing, (2) with the tail bearing above 
the beam, and (3) with the tail bearing 
above the beam and the gear box set 
back from its usual position. 


Description of Equipment 

These tests were conducted on a re- 
cently abandoned well producing only 
salt water, located on the extreme west 
edge of the East Texas field. The well 
was equipped with 2!4-in. tubing, 
214-in. plunger, 34-in. rods, the pump 
being at a depth of 3000 ft. The well 
was capable of maintaining a constant 
fluid level after a brief period of pump- 
ing. 

The production was gauged in a 
standard test tank where 1 in. of fluid 
depth equals 1 bbl. There was also in- 
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stalled in the 2-in. flow line at the 
well a regular water meter having 1-in. 
inlet and outlet. 


The pumping unit used was a Luf- 
kin Twin Crank 550-7B herringbone 
geared 11.1 hp. (54,945 in-lb. A.P.I. 
peak torque) unit mounted on a struc- 
tural base, having adjustable counter- 
balance cranks of 42-in. maximum 
stroke, wire-line hanger, 5 ft. and 5 ft. 
working center walking beam ar- 
ranged for the tail bearing to be 
mounted above or below the beam. 

The unit was connected by a V-belt 
drive to a General Electric induction 
motor, Model 5 KG 405 AX1, Frame 
405, Type KG, Volts 220/440, amp. 
59/29.5, 3-phase, 60-cycles, full-load 
speed 865 r.p.m., 20 hp., continuous 
50°C. rise, No. 5 310 892. 

Power consumed was measured with 
a General Electric polyphase watthour 
meter, Type D-14, 60 cycles, 25 amp., 
460/480 volts, No. 18 028 123. 
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BAYO HOPPER 


received his bachelor’s degree in 
mechanical engineering from the 
University of Texas in 1933—Before 
entering school he worked for three 
years in the shops of the Lufkin 
Foundry and Machine Company, Luf- 
kin, Texas, and while at the univer- 
sity served as instructor in the me- 
chanical engineering shop—He has 
been with the Lufkin Foundry and 
Machine Company since graduation 
—Has served in various capacities 
in the engineering department and 
has done a considerable amount of 
field test work on pumping wells. 























Input power peaks were measured 
with an Esterline Angus wattmeter, 
Model AW, serial No. 27799, 5 amp. 
Current transformers of 10 to 1 ratio 
were used with the wattmeter. 

Polished-rod loads were measured 
with a Westinghouse polished-rod dy- 





Fig. |. Centerline assembly 
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Fig. 2. Bearing above beam 




















\ 


\ 
ae HF \ 


\\ 


\ 

/ 
/ 

/ 


\ 
\ 
—_\—____—__ S-o 
i: 
| \ 
| 





r 






































THE PETROLEUM ENGINEER. JAN., 1940 





New U.S. Steccomlined 
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famous brands: Ate ?- 
U.S. MATCHLESS ~~ YX ty 
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THE GREATER THE PRESSURE, THE TIGHTER THE SEAL! 
BUILT-IN AS INTEGRAL PART OF HOSE! 


Revolutionary coupling principle * Streamlined and 
‘Permanently sealed against leakage & Hose and coupling 
Perfectly balanced under full pressure * Increased fluid 
4tea assures full flow * New method of anchoring cou- 
Pling minimizes stress on hose * Built-In as integral part 
ofhose x No flanges, clamps, nozzles, bolts, nuts, hydrau- 
lic nipples, or other gadgets * Easy to connect and main- 
tain x Eliminates losses and shutdowns caused by leaks 
Coupling made of toughest alloy steel. Complete 
fittings weigh less xx Performance proven in 


United States 


SERVICE BEYOND PRICE 





advance, in laboratory, and in field Tested at Factory, at 
pressures in excess of those encountered in actual service. 


* * * 


* Hose has great strength ... more than enough for ai// 
drilling pressures% Hose remains flexible under all drill- 
ing pressures x Hose readily assumes natural position on 
rig * Reinforced ends. 


Made, tested, and backed by United States Rubber Company, 
famous for Rotary Hose, and other oil field products. 


Rubber Company 


New Yerk, N. Y. 


AND SPECIFICATIONS 








TABLE | 
Results of Tests 





Power Fluid | Kw-hr. | Average | Average Peak kw. input 
Unit §.P.M. |Polished-|Duration| consumed |produced! per bbl. hp. |polished-| efficiency 

no. assembly r of test, | per 24 hr.,|per24hr.,| fluid input rod jof unit and Up- 
stroke hr. kw-hr. bbl. | produced hp. motor, % stroke 


42.75 52.3 | 19.7 
10. 76 | 5. 658 52. i « 5 


10. 73 | 


Overall Minimum 


polished- 
rod loads, 
Ib. 





Counter- 
Down- —— 
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nagraph, style No. 1014851-A, serial 
No. 18. A 1%-in. bronze polished rod 
was used in order to obtain as large a 
polished-rod card as possible. 


Testing Procedure 


Before beginning a record of the test 
data, the unit was operated each day 
for a period of 30 minutes to an hour 
after the counterbalance weights were 
adjusted as accurately as possible. Upon 
beginning the test the following read- 
ings were taken: Watthour meter and 
water meter readings were taken si- 
multaneously with the tank gauge, the 
polished-rod card reading was taken 
immediately afterward and simultane- 
ously with the counting of the watt- 


hour meter disk revolutions. Then a 


wattmeter chart was obtained. 


It has been found that the swing of 
a wattmeter needle, as it oscillates back 
and forth to indicate two maximum 
and two minimum peaks during one 
pumping stroke, does not reach or in- 
dicate the actual peaks on the motor. 
There is a slight lag in the action of 
the needle that prevents the natural 
swing of the needle from going high 
enough to give a true picture of the 
power peaks. Assume the needle is go- 
ing upward to indicate the peak load 
on the upstroke of the rods: The im- 
pulse for the needle to go upward 
strikes the needle and is gone almost 
instantaneously; so that due to the 





Test being made with bearing under beam 
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slight lag in the needle, the impulse 
for the needle to go downward strikes 
the needle and sends it back before it 
has had time to reach its true peak. 
The same thing happens, in the oppo- 
site direction, to the minimum peaks. 
In order to obtain the load peaks, 
the needle was held over to the right 
with a pencil far enough for the needle 
to give only a slight kick, and this 
point was taken as the peak. 
Readings on all the instruments and 
polished-rod cards were taken at 30- 
minute intervals whereas the tank was 
gauged every hour and a half. Tests 
were continued for 4% to 6 hours 
and in each case there was evidence of 
the well having pumped at a static 
condition for a period of 2.5 to 5.75 
hours, as the hp. input and motor peaks 
had reached a constant condition. 
Only one test was run each day, 
and the unit assemblies were alternated 
in the following manner so that a pos- 
sible change in well condition would 
not favor or penalize any unit set-up: 
Test A. September 29, bearing above 
beam. 


DBD BBB LBP PPP PP PLP 


Test with bearing above beam 
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‘The inner surface of Harrisburg Seamless Steel Pump Liners can be 
maintained for any pre-determined depth to a Brinnell hardness of 
from 600 to 625. 

The outer surface can be maintained for any pre-determined 
depth to a Brinnell hardness of from 200 to 250. 

No operation such as metal spraying, alloy insertions, case hard- 
ening or other surface additions are resorted to. There is no sharp 
line of demarcation between the two. 

Harrisburg Pump Liners are forged seamless from steel of special 
alloy composition and uniform in chemical analysis throughout 
every liner. Every liner is carefully gauged and inspected for 
precision of diameter and threading. Rockwelled for hardness be- 
fore shipment. Additional Harrisburg oil field products are Seam- 
less Steel Couplings and Bull Plugs; Drop Forged Flanges. Write 


HARRISBURG STEEL 
CORPORATION 


H Aes FS BU RG PENNSYLVANIA 
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Fig. 3. Unit set- 
back, bearing 











above beam 








Test B. September 30, bearing above 
and unit set-back. 


Test C. October 3, centerline assem- 


bly. 


Test D. October 4, bearing above 
beam. 


Test E. October 5, bearing above and 
unit set-back. 


Test F. October 6, centerline assem- 


bly. 


Test G. October 7, centerline assem- 
bly. 


The unit was operated only in a 
counter-clockwise direction, in the 42- 
in. crank stroke and at 22.15 s.p.m. 


Figs. 1, 2, and 3 are line drawings 
of the three assemblies used. 


Results and Conclusions 


The results of this test indicate be- 
yond doubt that the centerline type 
pitman tail bearing is the most desir- 
able. Referring to the table of results 
(Table 1) and comparing the unit 
having the tail bearing above the beam 
(Fig. 2) with the centerline beam unit 
(Fig. 1), it is found that the center- 
line beam produced 12 percent more 
fluid at the same pumping speed and 
almost exactly the same polished-rod 


> , 


stroke. This fluid was produced at 
about 14 of 1 percent more power per 
day; so that the cost in kw. per bbl. 
was 11.6 percent more for the bearing 
above the beam. 


The average hp. input to the motor 
was approximately the same in both 
cases, but the centerline type beam 
produced a better shaped polished-rod 
card having slightly more area, which 
gave that assembly 13/ percent greater 
overall efficiency. The power peaks for 
the centerline assembly were less than 
those for the bearing above the beam 
by about 7.5 percent. The peak pol- 
ished-rod loads for the centerline type 
beam were higher by 31% percent be- 
cause more fluid was lifted; however, 
the minimum loads were also higher 
by about 13 percent. Almost 41/2 per- 
cent more counterbalance was required 
by the centerline set-up because of the 
additional fluid pumped. 

Comparing the centerline type pit- 
man tail bearing assembly (Fig. 1) 
with the tail bearing above the beam 
and the unit set-back 81% in. (Fig. 
3), it was found that the centerline 
bearing produced 21 percent more 
fluid at about 3 percent longer pol- 
ished-rod stroke and the same speed. 
This fluid was produced at 6 percent 
more power per day; so that the fluid 
was produced with the bearing above 
the beam at more than 14 percent 
greater cost in kw. per bbl. 


The average hp. input to the motor 
and the polished-rod hp. were both 
slightly greater for the centerline 
beam, but the net result was that the 
centerline beam was better than 2 per- 


Fig. 4 
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cent more efficient. The power peaks to 
the motor were approximately the 
same, the actual difference being less 
than 0.03 of 1 percent. The center- 
line beam showed an increase of 51% 
percent in peak polished-rod loads, but 
an increase of 20 percent in minimum 
polished-rod loads. The centerline beam 
required 63/, percent more counterbal- 
ance due to the greater amount of 
fluid produced. 


It is seen from these results that 
every point investigated proved defi- 
nitely to be in favor of the centerline 
beam except polished-rod peaks and 
counterbalance. These were higher be- 
cause of the additional fluid pumped, 
but they did not increase in proportion 
to the amount of fluid produced. 


Comparing the assembly with the 
tail bearing above the beam (Fig. 2) 
to the assembly with the tail bearing 
above the beam and gear box set-back 
(Fig. 3), it is found that in the set- 
back position the unit consumed 5/2 
percent less power and produced 7/2 
percent less fluid, which resulted in 24 
percent more kw-hr. per bbl. The 
overall efficiency is virtually the same, 
but the set-back position showed 7/2 
percent lower peaks to the motor. 

The extremely low overall efficiency 





Test ''A'""—Bearing above beam 
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Fig. 5. Typical polished-rod cards 
Test "B"—Unit set-back 
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Test "F"'—Centerline assembly 
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was due to the fact that the power 
factor was unusually low. Although 
the power factor was not definitely de- 
termined, it was estimated through a 
rough check by a power company engi- 
neer to be not much better than 50 
percent. 

In Fig. 4 is shown a sample of the 
wattmeter chart taken on Test “D”, 
with the bearing above the beam. The 
upstroke peak appears to be consider- 
ably higher than the downstroke peak, 
which would indicate an under-coun- 
terbalanced condition. However, when 
the needle is pushed with a pencil up 
to the farthest position at which it 
will move, it is found that the down- 
stroke peak is actually somewhat higher 
than the upstroke peak. 

The unit was run clockwise for a 
short time in the set-back position with 
a resulting increase of about 20 per- 
cent in power peaks to the motor. 

The reason for the difference in pol- 
ished-rod strokes on tests A and D and 
also on tests B and E is because the 
bracket for holding the tail bearing in 
position above the beam was only 
clamped in place, and in changing tail 
bearing positions it was necessary to 
drive a tight fitting pin in and out of 
place. In making this change, the 


clamped bracket was shifted forward 
slightly, resulting in a little longer pol- 
ished-rod stroke on the second round 
of tests. 

The centerline type assembly was 
penalized in regard to pitman angu- 
larity, because in changing to the 
other two assemblies the pipes were 
made longer, the other parts of the 
assembly remaining the same. As a 
matter of fact, in actual practice in 
every case where the tail bearing is 
used above the beam, the samson post 
is either made shorter or the gear box 
is set on a sub base and so would make 
the pitmans shorter than those used in 
the test. Thus with the bearing above 
the beam, the pitman angularity was 
more favorable than will be found on 
any commercial job. For a more exact 
comparison, all the tests should have 
been run with the same length pit- 
mans. 

One mistake that is sometimes made 
when comparing these assemblies an- 
alytically is to assume that all the as- 
semblies will produce the same shape 
polished-rod card. A study of the 
cards obtained on this test will prove 
that this assumption is not correct and 
that a more favorable card is obtained 
when using the centerline assembly. 





In running the tests, every effort was 
made to read the instruments and re- 
cord the data as accurately as possible. 
It has no doubt been noticed that tests 
A and D, which were on the same 
unit set-up and which were taken 
several days apart, show results that 
are almost identical. The various tests 
on the other two assemblies also show 
almost identical results. So that, at 
least for the pumping conditions in- 
vestigated, the results obtained and the 
conclusions made can be depended 
upon as being close to 100 percent ac- 
curate. 
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Exploitation of Petroleum in Albania Has Been Mostly by 
Italian Interests 


T WAS ONLY upon the outbreak 
of the World War that Albania be- 
came the “mecca” of intense petroleum 
research, says a report to the U. S. De- 
partment of Interior by Consular 
Clerk Ivan Lavretsky, Genoa, Italy. 


The Societa Italiana delle Miniere di 
Salenizza was the first to drill test 
wells in the district of Susica, about 
six miles from Valona, and the results 
achieved were highly satisfactory. But 
despite this technical success the Brit- 
ish Government was the first to obtain 
exploitation rights over an area of 
42,000 hectares. In 1925, Italy was 
granted two concessions in the vicinity 
of Tirana by the Albanian Govern- 
ment, to which were added three other 
zones in the same year, forming to- 
gether a total area of 60,000 hectares. 
At this time the Standard Oil Com- 
pany of New York also received a con- 
cession of 55,000 hectares and another 
of 35,000 hectares was granted to the 
Franco-Albanian Company. Each con- 
cession was subject to an exploitation 
rental of 1.50 francs per half hectare, 
or approximately 13.75 percent on the 
petroleum extracted. Very soon all the 
nations that at first vied with each 
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other for the exploration of these pe- 
troleum lands, withdrew from the 
field, leaving Italy alone to persevere 
with its own means. 

Since 1925 Italian technologists have 
performed drilling operations from 
which the Albanian Government in 
that year alone obtained a rental of 
30,000,000 lire. Two years later this 
figure had increased to 50,000,000 lire. 
Research operations were thereafter in- 
tensified and drilling operations cov- 
ered an area of 200,000 hectares. Since 
that time the continual increase in pro- 
duction has proved that the labor em- 
ployed and capital invested has been 
fully justified. In fact, from 1928 to 
1935, Italy extracted approximately 
62,900 bbl. of petroleum of excellent 
quality suitable for processing in its 
own refineries. Since 1935 the produc- 
tion has progressively risen to 333,500 
bbl. in 1936; 600,000 bbl. in 1937, 
and 734,000 bbl. in 1938. 

The largest quantity was obtained 
from the Devoli basin, which covers 
an area of 700,000 hectares, from 
which it will be possible to recover 
80,000,000 bbl. of crude. In these 
fields work is being carried on by 343 


Italians, and 1600 Albanians and the 
plants erected have been designed to 
handle a daily output of 6700 bbl. 
About 100 wells are producing, the oil 
being taken by the Devoli-Valona pipe 
line. This line is 46 miles in length and 
has three pumping stations. The line 
is constructed of 8-in. pipe and has 
been laid at a depth of 3.28 ft. so as 
to obviate any sudden variation in tem- 
perature. The three pumping stations 
have a daily capacity of 6700 bbl. of 
crude oil at even the lowest tempera- 
ture. It is possible to eliminate one or 
two of the stations during the summer 
months or when the pipe line is not 
operating at capacity. 

At Valona the crude oil is placed in 
underground storage from which the 
tank steamers pump the crude oil into 
their own storage tanks by a modern 
system of flexible lines. 

This petroleum is generally black in 
color and of high density, but after be- 
ing submitted to hydrogenation it gives 
a yield of more than 80 percent of 
superior-quality gasoline, the specifica- 
tions of which correspond to those of 
motor fuels distilled from light oils. 
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Front View, Battery of 7 CLARK 
6-cylinder “Angle” Compressors 
Totalling 4,200 H.P. in new Gaso- 
line plant, Wasson-Bennett Field 
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CLARK “Angle” Compressors are being sélocied ar Sen's leading 
Siallations for two basic reasons: 1. In nearly 4 years on the market, their 
performance has proven equal in every respect to that of the famous 
CLARK 2-cycle Horizontal Compressor: 2. They have introduced four basic 
economies, as compared with horizontal compressors: a. Lower transpor- 
lation and erection costs: b. Smaller foundations and floor space; c. One- 
hhird fuel saving, due to CLARK Super-2-Cycle Fuel Injection: d. Lower 
Maintenance due to extreme mechanical simplicity. You should thoroughly 
investigate these savings. 


CLARK BROS. CO. INC. . . . OLEAN, NEW YORK. U.S.A. 


Export Olfices: 30 Rockefeller Plaza, New York. Domestic Sales Offices and Warehouses: 

Tulsa, Okla.: Houston, Texas; Chicago, Hll.; Boston, Mass. (131 Clarendon St.). West Coast 

Offices: Smith-Booth-Usher Co., Los Angeles, Cal. Foreign Offices: 72 Turnmill St. E. C. 1. 
London; 4 Str. General Poetas. Bucharest, Roumanic. 








oe CLARK 6-cylinder, 600 H. P. 2-cycle 
Right-Angle Compressor 
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Fig. |. This machine is used to form 
coupling bonds. Shown is a bond com- 
pletely formed except for one of the 
foot-pieces. First operation consists of 
forming the two half-circles that go 
over the coupling. After this the 
foot-pieces are formed 





Practical Application of Electrolysis 
Prevention on Pipe Lines and in 
Compressor Stations 


Ground-bed design employs “T” rails—cast-iron weld- 
ing rod is recommended for attaching coupling 
bonds to pipe 


Part 1 


By PAUL F. MARX 
Engineer, Northern Natural Gas Company 


N the last few years engineers study- 
ing the effects of electrolysis have 
gained valuable information concern- 
ing corrective measures. Many articles 
have been written and remedies gen- 
eralized, but still much pertinent in- 
formation has not been divulged. It is 
the writer’s opinion that, following 
successful application of proved meth- 
ods, some of these, under similar cir- 
cumstances, might be employed to ad- 
vantage by others in the industry. 

In this article will be found special 
reference to a serious electrolysis con- 
dition that exists in compressor sta- 
tions employing battery ignition sys- 
tems. Many companies do not realize 
that this condition exists in their 
plants but investigation will usually 
disclose definite evidence of corrosion. 
The manufacturers of compressors 
should also be informed of this situa- 
tion so that future design, by means of 
simple changes, will eliminate costly 
repairs. 


Cathodic Protection 


Electrolysis engineers have many 
theoretical ideas in connection with 
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types, sizes, and the location of ground 
beds. In dealing with as many variables 
as are encountered in such an installa- 
tion, however, no comprehensive equa- 
tion can be evolved and simple pre- 
liminary tests must be made. 

Previously, most companies in their 
cathodic-unit installations used No. 
0000 wire, both for positive and nega- 
tive leads to the generator and for 
bonding across couplings. This was, no 
doubt, brought about because some 
early installation was made in this 
manner. When questions were asked as 
to why this size wire was used no sound 
reason could be found and recently the 
tendency has been to decrease the size 
of the wire. Actual tests show that No. 
0 wire is ample in size both for the 
generator lead wires and the coupling 
bond wires. Under the most adverse 
conditions the actual pipe-to-ground 
potential, when using No. 0 wire, 
would be from 0.02 volts to 0.05 volts 
less than with the same amount of 
No. 0000 wire. 

In a shunt-wound generator, as in 
some windmills and gas-driven units, 

(Continued on Page 51) 
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an increase in external resistance in- 
creases the shunt field, and in turn in- 
creases the voltage and decreases the 
amperage at a constant speed. Two 
things transpire: The increased voltage 
tends to “‘push” the current farther 
and the decreased amperage lessens the 
current density, the net result having 
a compensating effect. Under the ad- 
verse conditions mentioned, however, 
the use of a No. 0000 wire, at its high 
price difference over the No. 0 wire, 
certainly is not warranted. There is a 
rubber-covered underground cable now 
available that is especially good and 
easy to handle when used as lead wires 
from the generator. 

Many tests have been conducted on 
methods of bonding and bonding ef- 
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ficiency, together with various types of 
bonds, and the following has been 
found to be the most satisfactory at 
the present time: Bonds are all formed 
using an 18-in. length of No. 0 soft- 
drawn copper wire. The forming is 
done by a simple homemade bond- 
bending machine. A picture of this ma- 
chine is included (Fig. 1) so that one 
of similar design may be easily con- 
structed. The machine is inexpensive 
and will form a complete bond in two 
operations; whereas, if the bond were 
to be formed in one operation, the ma- 
chine would be more complex due to 
the copper becoming extremely hard 
during the stretching operation. 

The bond is now ready for installa- 
tion and may be welded to the pipe by 
using an electric arc machine employ- 


Fig. 2. Engine-driven fan for removing 
fumes from bell-hole 
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ing reverse polarity, a potential of 23 
volts, and a current of 80 amp. A 
l4-in. cast-iron electrode is used and 
the weld around each base of the bond 
should be made in one “pass”. The 
bond should also be “spotted” to the 
center ring of the coupling. When this 
method is used the overall resistance of 
the bond from pipe to pipe will be ap- 
proximately 0.002 ohm. 

The use of the cast-iron rod not only 
eliminates approximately two-thirds of 
the fumes but also “works” the pipe 
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metal and the copper of the bond to- 
gether; whereas, when a bronze rod is 
used, the bond is similar to little dowel 
pins formed by the bronze after the 
pores of the steel in the pipe have been 
opened. The remaining fumes may be 
eliminated when using the cast-iron 
rod by a small suction fan, driven by a 
small air-cooled gasoline motor, to 
which is attached a flexible tube hav- 
ing a funneled end that may be set in 





Fig. 3. Welding and test generator is 
mounted on wheels for easy 


portability 
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the bottom of the bell hole. Such a 
unit is shown in Fig. 2. 

In very dry sandy soils, approxi- 
mately 6000 ft. of poorly-coated 24-in. 
line and a parallel well-coated 24-in. 
line can be bonded. In similar-type 
soils, 10,000 ft. of a poorly-coated sin- 
gle line, or in areas in which there is 
a subsurface water condition, approxi- 
mately 16,000 ft. of line can be 
bonded. After this bonding has been 
completed, it is necessary to make pre- 
liminary tests to determine whether or 
not additional bonding can be made, 
and also to determine the ground-bed 
location. 


A unit similar to that shown in 
Fig. 3, composed of a 150-amp. shunt- 
wound arc-welder, belt-driven by a 16- 
hp. air-cooled engine, can be used for 
testing and bond welding. The fan and 
welding units, together with the panel 
board controls, and a reel containing 
700 ft. of lead wire are all mounted 
on wheels as illustrated, so that the 
complete unit may be loaded on a light 
truck and transported. A million-ohm 
per volt meter, copper-sulphate ground 
electrode, and a pipe electrode (as 
shown in Fig. 4) are used to obtain 
the pipe-to-ground potentials. 

It may be mentioned here that in 
some type soils where it is extremely 
difficult to put the electrode in the 
ground, a sounding rod may be driven- 











Fig. 6 


+10 


ACTUAL PIPE POTENTIAL , VOLTS 
2 2 &® » o WF @ @ 


' 
o 
































































° 
GROUND BED: —— = UNIT =: PIPE TO GROUND BED: LOCATION 
a | Y 
onrae RATING: ____VOLTS___ AMPS. a o> a 
, i  —e TESTING: VOLTS AMPS. PIPE DATA: MILE MARKER 
CIRCUIT RESISTANCE: BOND WIRE: KIND 
INITIAL OHMS; DATE ____ COUPLING: SIZE wT. LB. PER FT. TESTED BY 
FINAL 6 3 LENGTH OF COUPLING IN. 
HMS; DATE KIND SIZE WALL THICKNESS IN. CORROSION DATA SHEET NO. 























52 


THE PETROLEUM ENGINEER, JAN.. 1940 





VU 
T; 


only ¢ 
for n 
been 
is stu 
featu 
large 
He 
Skic 


+ tendec 


when 
Rigi 
platfo 
bearir 
Sin 
(dout 
All 
moun 
Ful 
Chi 
aligni 


4 pins | 


top 0 

Pre 
“BR” ( 

W 
lasti 
inst: 
Pun 
toda 


fi Si P 








? ; . 
YL, «WHE NEW “* | 
HE “Oilwell” TC-17 Pumping Unit a a - 
provides true operating economy not . 
only on the day of its installation but also s 


for many years after its initial cost has 


been paid in trouble-free production. It ; TWIN-CRANK PUMPING UNIT 


is sturdily built and has all of the quality 

features that are usually found only in 

larger units intended for deep-well use. 
Here are a few of its many features: 


Skid-type, structural-steel base, short or ex- 
tended, providing clearance for the cranks even 
when fully counterbalanced. 

Rigid, derrick-type samson post with machined 
platform for the machined bases of the saddle- 
bearing housings. 

Single-helical, fully heat-treated steel gearing 
(double-reduction). 

All speed-reducer shafts fully heat-treated and 
mounted in tapered roller bearings. 

Full equalization of pitman-loads. 

Changing of stroke lengths made easy by self- 
aligning, spherical roller bearings on the crank 
pins and a universal bearing arrangement at the 
top of each pitman. 

Precision counterbalancing facilitated by Type 
“B” Cranks. 

With all of its quality features and its 
lasting economy of operation, the actual 
installed cost of the “Oilwell” TC-17 
Pumping Unit is surprisingly low. Send 
today for Bulletin No. 178. 














Polished-rod load capacity (A.P.I.) . . . (pounds) 12,800 
Polished-rod strokes (inches) 24, 32, 40, 48 
Peak torque capacity at 20 s.p.m.(A.P.I.)(inch-lbs.) 82,000 
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in first, to make a hole in which the 
electrode may be placed. This sounding 
rod may be driven in the ground with 
a sledge by placing the driving block 
directly on top of the sounding rod. 
(See Fig. 5.) If it is not possible to pull 
the rod by hand, the hydraulic jack 
arrangement shown may be used to ex- 
tricate the rod. A handle of the type 
indicated should be used to push the 
rod into or pull it out of the soil and 
to obtain a twisting action on the rod 
that helps considerably when remov- 
ing the rod from the soil. Before sledg- 
ing the rod into the ground this han- 
dle should be removed. When it is not 
removed, it may increase the severity 
of the vibrations, thereby causing 
crystallization of the rod. 

Five or six promising sites are now 
selected for the location of the ground 
bed: near the center of the bonded 
section; several hundred feet to either 
side, and also at varying distances at 
right angles to the pipe line. At these 
locations 8-in. holes are either hand- 
augered or drilled by well-drilling 
equipment and a half-length of a steel 
“T” rail inserted vertically. The holes 
are then backfilled with dirt, rock-salt, 
and water. The positive lead from the 
test unit is connected to one rail at a 
time and the negative lead, to the pipe 
to be protected. By reading the voltage 
and amperage on the meters, the first 
reading may be divided by the second 
to determine which location has the 
lowest circuit resistance at a constant 
test voltage. As the circuit resistance 
lowers, the amperage becomes greater 
and the current density on the pipe 
increases, affording more protection. 
Pipe-to-ground potentials are then 
taken along the pipe line and the de- 


terminations made will indicate which 
location is the best to protect the en- 
tire length of line bonded. A curve of 
these actual pipe potentials can be plot- 
ted on a form such as shown in Fig. 6 
to obtain a visual picture of what is 
transpiring along the line. 

After the proper location is found, 
the ground bed may be installed. Using 
approximately 15 vertical rails at spac- 
ings varying from 16! to 25 ft., a 
“V” is formed, the legs of which are 
approximately 16 degrees from the axis 
of the pipe line. The rails are tied to- 
gether by welding horizontal rails to 
the top of the vertical rails and the 
positive cable from the generator is 
connected to the apex of the ground 
bed. The top rails of the ground bed 
should be two to three ft. below the 
surface of the ground so that it will 
not interfere with plowing, etc. The 
reason for using ““T” rails is that these 
have the surface area of a 6-in. pipe 
and considerably more weight per foot. 
Approximately two and one-half tons 
of rock salt and 2000 to 3000 gal. of 
water are added in backfilling the au- 
gered holes when constructing a ground 
bed of this type. 

After the completion of the ground 
bed further tests may be made and, if 
it is found that the overall circuit re- 
sistance is much greater than 0.3 ohm, 
additional rails may be necessary; or, 
if it is found that considerably more 
than complete protection is being re- 
ceived on the pipe line, additional 
bonding can be made. 

A gas- or wind-driven generator 
having a capacity of 2000 watts is 
used to obtain the maximum protec- 
tion. A shunt-wound generator, of the 
type used in one of the windmills on 
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Wind-driven generator supplying 
energy for cathodic protection 
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the market, cannot reverse polarity, 
and increasing resistance, as in drying 
of soils, automatically increases voltage 
output, which is advantageous. 


Control plates made from pipe ma- 
terial,.or a similar high-carbon steel, 
about 3 in. by 6 in., are placed at each 
end of the bonded section and also at 
the most corroded area in the section. 
In each instance one plate is bonded to 
the line and the other plate unbonded. 
At future dates, these plates may be 
removed and reweighed, the weights 
being compared with the original 
weights before installation, so that the 
amount of protection may be found by 
a comparison between the loss of 
weight of the bonded and unbonded 
plates. 


When a wind-driven unit is installed, 
it is advisable to use a bullet-proof 
meter box made from the ;*;-in. steel 
plate. This meter box may house a re- 
cording ammeter, indicating voltmeter 
and ammeter, and a double-pole dou- 
ble-throw switch that enables the test- 
ing crew to connect the test unit to 
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Well reaches 14,582 ft. following 
successful cementing operations with 
Unaflo Oil-Well Cement 


gee Fain Drilling Co. used 1500 sacks of Unafio 
—the easy-flowing, hard-setting cement with 
a retarded set—to protect this hole for the 
Continental Oil Company during extremely deep 
cementing operations. 

At 14,040 ft., trouble developed in this deep test 
hole. A tough fishing job finally brought up all the 
pipe except a bit and reamer. In order to carry the 
hole around the bit, the Fain Drilling Co. ran in 
a whipstock and cemented it with Unafio Oil Well 
Cement. A liner was then successfully cemented 
in place at that great depth—and high temperature 
—again with Unaflo! And drilling proceeded to the 
greatest depth in the Mid-Continent Field today. 

Unafio Oil Well Cement has helped to bring in 
many a well in the mid-continent field. It mixes 
and places easily with 35% water...stays pump- 
able for over 4 hours at 180°... and then hardens 
thoroughly with high density. It also sets satisfac- 
torily in sulphate water and is not affected by salt 
water contamination. Use it to protect your next 
drilling operations. 


® Write for ‘‘Oil Well Cementing 
Guide,”’anewbooklet onusing Unaflo 
under mid-continent conditions. Ad- 
dress nearest office. Universal Atlas 
Cement Co. (United States Steel 
Corp. Subsidiary), Amicable Bldg., 
Waco, Texas;Tulsa, Oklahoma City, 
Kansas City. PE-U-10 


Cementing operations at the new deep 
hole, dri'led tv the Fein Irilling Co. for 
Continental Oil Co.. near Elk City, Oklaho- 
ma. The Continertal Cil Co. bought 1500 
sacks of Unaflo Cil Well Cement for tae 
vital cementing jcLs. 
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terminals in the meter box. By means 
of this switch, the necessity for dis- 
connecting the wind-generator lead- 
wires is eliminated. The recording am- 
meter gives a picture of the entire pe- 
riod a unit operates and the readings 
from the indicating voltmeter and am- 
meter may be used to determine any 
changes in circuit resistance. Line 


walkers can change the charts once a 
week. 

In exceptionally dry soil a horizontal 
pipe, the underside of which is slotted, 
may be laid directly over the ground 
bed. Then from time to time additional 
water can be poured into this pipe 
through a riser, and the ground-bed 
resistance lowered by seepage of the 
water. 





An accompanying photograph shows 
a complete wind-driven cathodic unit. 
Fig. 7 is a form to record cathodic 
protection data and Fig. 8 is a sche- 
matic drawing of an installation. 


Editor’s Note: Part 2 of this article 
will be published in an early issue of 
The Petroleum Engineer. 


Petroleum Concessions in Island of Sakhalin 


T’ is known that the petroleum 
concessions of the island of Sak- 
halin have been the occasion for fric- 
tion between the U.S.S.R. and Japan. 
The Japanese complain that the U.S. 
S.R. is pursuing obstructionist tactics 
that do not permit them to develop 
their concessions regularly, whereas 
the Soviets assert that the concessions 
are subordinate. The disagreement has 
culminated with the decision of the 
Soviet tribunals that require the Jap- 
anese concessionnaires to pay to the 


Russian workers’ organizations 700 
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thousand yen for failure to follow 
completely the labor contract. 

The controversy assumes a certain 
interest because of the importance of 
the petroleum deposits of Sakhalin. 
The American statistics give for 1938 
a production of about 4,000,000 bbl. 
for the wells of the island (both Rus- 
sian and Japanese), whereas in 1936 
the total production was 3,212,000 
bbl., of which about 2,000,000 were 
attributed to the Soviet trust and the 
rest to the Japanese concession. 

It seems that the Japanese company, 
North Sakhalin Oil Company, has ap- 


plied to the Government at Tokyo for 
financial aid, stating that it was im- 
possible to develop the concession in 
full because of the none-too-good re- 
lations that exist between Japan and 
the U.S.S.R. This difficulty is said to 
have reduced by 75 percent the annual 
production of the Japanese company. 

It is interesting to recall that ac- 
cording to the estimates the petroleum 
reserves of the island total about 169,- 
000,000 bbl.; but, on the other hand, 
it is said that the “possible reserves” 
may reach 2,126,000,000 bbl. 
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S mentioned in Part 1, pressure and 
temperature affect the quality of 
the end products. The use of high pres- 
sures (200 atmospheres) and lower 
temperatures (300°-350°C. improves 
the yield of alcohols; the use of lower 
pressures (15-40 atmospheres) and 
higher temperatures (450°-500°C.) 
promotes the yield of lower molecular 
hydrocarbons. Practically, it is im- 
possible to carry out exactly the 
abovementioned processes separately 
in the presence of air on account of 
other factors that change the reac- 
tions and cause other intermediary re- 
actions. 

There are three possibilities in the 
decomposition of hydrocarbons by 
means of air-oxidation action. The first 
possibility is the decomposition of hy- 
drocarbon molecules and the oxidation 
of the particles into acids containing 
fewer carbon atoms than the starting 
hydrocarbon molecule. Low fatty acids 
are formed as formic acid, acetic acid, 
propionic acid, etc. The second possi- 
bility is the oxidation of hydrocarbons 
to alcohols, aldehydes, and acids con- 
taining the same number of carbon 
atoms as the starting hydrocarbon 
molecule, so that fatty acids as pal- 
mitic acid, stearic acid, etc., are ob- 
tained. The third possibility is that the 
above two reactions may take place 
in parallel, resulting in the formation 
of oxy-hydrocarbons soluble and in- 
soluble in water. Of course, the ratio 
of pure hydrocarbons to oxy-hydro- 
carbons formed in the catalytic air- 
oxidation depends upon the operating 
conditions. 

The higher the pressure and the 
greater the contact between the start- 
ing material and the air the greater the 
yield of the oxy-compounds formed in 
this process. As mentioned, however, 
the throughput of the air must be 
thoroughly controlled because of the 
risk of explosion. Besides, the catalytic 
air-oxidation cannot exceed certain 
maximum limits because carbon mon- 
oxide and carbon dioxide will be 
formed, resulting in a decreased yield 
of pure hydrocarbons and oxy-com- 
pounds. 

In other words, the more a volume 
of air enters into chemical reaction 
with hydrocarbons above the maxi- 


58 


Part 2 (Concluded) 


By 
RAFAEL FUSSTEIG 


mum limit, the greater will be the vol- 
umes of carbon monoxide and carbon 
dioxide formed. It is evident from this 
that the catalytic air-oxidation de- 
pends upon limiting a catalytic crack- 
ing process to a complete combustion 
to carbon dioxide, this being depend- 
ent upon the temperature, pressure, 
and length of contact time between 





A biographical sketch and 
photograph of the author can 
be found on page 34 of the 
December issue of The Pe- 
troleum Engineer, in connec- 
tion with Part 1 of this 
article. 











the starting material and air. Small 
volumes of oxygen weaken the neces- 
sary linkage of a hydrocarbon atom, 
splitting it into smaller hydrocarbon 
particles. An increase of the catalytic 
air action will result in the formation 
of aldehydes; further increase causes 
a higher oxidation into acids, and 
finally when the maximum air-oxida- 
tion is exceeded, the transformation of 
hydrocarbons into carbon dioxide re- 
sults. The flow of these reactions can 
be expressed in general terms as fol- 
lows: Starting hydrocarbon * smaller 
hydrocarbon particles —» aldehydes 
—» acids —> carbon monoxide —> car- 
bon dioxide. 

By varying the temperature, the 
velocity of the throughput, and the 
time of contact between the starting 
material and the air, the process may 
be directed to the formation of pre- 
dominating amounts of either de- 
hydrogenated products or oxy-com- 
pounds. In the first case the product 
will contain principally unsaturated 
hydrocarbons having one or two 
double linkages and aromatic hydro- 
carbons; in the second case the prod- 
uct will predominate in saturated and 
unsaturated aldehydes, alcohols, 
ketones, acids, lactones, phenols, etc. 

Piotrowski and Winkler have ob- 
served the characteristic dependence of 
the bound oxygen upon the boiling 
ranges of separated fractions. They 
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Catalytic Air-Oxidation of Hydrocarbons 


have observed that the lightest and 
heaviest fractions resulting from the 
catalytic air-oxidation process contain 
the greatest amounts of oxygen and 
the middle fraction contains the least 
volume of oxygen. The writer believes 
that the high oxygen content of the 
heavier fractions is a result of polym- 
erization reactions of certain light 
oxy-compounds. In the opinion of the 
writer two types of light oxy-com- 
pounds are formed during the catalytic 
air-oxidation. 

The first type is immediately stabi- 
lized during the process because of its 
saturated character in the carbon-oxy- 
gen linkage; the second type is unsatu- 
rated in the carbon-oxygen linkage, 
having a tendency toward alkylation 
and polymerization reactions. These 
cause the light oxy-hydrocarbons to be 
transformed into heavier oxy-com- 
pounds. In that manner asphaltic 
acids, and similar heavy oxy-com- 
pounds, were formed during the for- 
mation of crude petroleum in the 
earth. The contact between the or- 
ganic compounds in the earth and the 
air resulted in various molecule-split- 
ting reactions, leading to the forma- 
tion of light oxy-hydrocarbons that 
were then submitted to different poly- 
merization processes. Consequently not 
only acids but also asphaltic com- 
pounds as well as resin-like hydrocar- 
bons were formed. As far as the mid- 
dle fraction is concerned, it contains 
little oxygen because of its tendency 
to be only split and dehydrogenated. 
From these considerations it may be 
concluded that all gaseous, liquid, and 
solid hydrocarbons can be submitted 
to catalytic air-oxidation, under vari- 
ous operating conditions that will de- 
termine whether aldehydes, ketones, al- 
cohols, acids, etc., are formed or they 
may be dehydrogenated to form un- 
saturated hydrocarbons in the first 
phase, which are, in the later phases, 
starting materials for different reac- 
tions. 

It is also very important to mention 
here that the oxidation of higher-molec- 
ular hydrocarbons by the action of air 
at high temperature to form better 
asphalts is also a catalytic air-oxida- 
tion process. The catalytic air-oxida- 
tion has in this case the purpose of 
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transforming the coke content of as- 
phalts into carbon dioxide. Further- 
more, this process can cause the split- 
ting of highly unsaturated higher- 
molecular hydrocarbons to form 
higher-saturated resins and result in the 
split carbon atoms entering into chem- 
ical reaction with oxygen of the air, 
transforming them into carbon dioxide. 

In other words, the catalytic air- 
oxidation process in the improvement 
of asphalts causes a rearrangement of 
the inferior hydrocarbons to form res- 
ins and asphaltenes. Because of this a 
proper ratio of asphaltenic - resinous- 
parafhinic hydrocarbons is formed that 
increases the quality of the asphalt. For 
this reason non-asphaltic crude oils 
that do not show the necessary ratio of 
asphaltenic - resinous - paraffinic hydro- 
carbons can be improved by blowing 
air through the concentrated residuum, 
using proper operating conditions. 

On the other hand, higher-molecular 
hydrocarbons such as tar, asphalt, coal, 
etc., can be submitted to the catalytic 
air-oxidation process to form smaller 
oxy-hydrocarbons. As such materials 
contain very small amounts of dispos- 
able hydrogen, however, very small 
yields of lower-molecular oxy-hydro- 
carbons will be formed and the result 
will be that the remaining high unsat- 
urated particles will be condensed and 
polymerized into solid oxy-hydrocar- 
bons, and even into coke. 

To prevent these condensation and 
polymerization reactions leading to un- 
desirable results, a simultaneous hydro- 
genation process should be used. This 
will result in the enrichment of the 
hydrogen atoms in the sphere of the 
reaction, so that the carbon atoms with 
two active linkages remain active a 
longer time. Consequently, the deposi- 
tion of coke decreases. The saturation 
of the split unsaturated hydrocarbons 
takes place and the =HC, molecules 
that are formed are then changed to 
smaller oxy-hydrocarbons. 

Of course, this combined oxidation- 
hydrogenation process must be directed 
to avoid high oxidation reactions, i.e., 
the oxidation reactions must be closely 
controlled to avoid an explosion. For 
this reason the process cannot be con- 
ducted in a single stage because oxygen 
and hydrogen cannot be introduced in- 
to the same reaction chamber. In other 
words, the oxidation reactions cannot 
occur simultaneously with the hydro- 
genation reactions. There are different 
reasons that prevent simultaneous flow 
of the two reactions. First of all, the 
hydrogen enters into reaction with 
oxygen under the catalytic air-oxida- 
tion conditions causing an explosion. 
Secondly, the tendency of oxygen and 
hydrogen to enter simultaneously into 
reaction with the split hydrocarbon 


atoms weakens the sphere of reactions 
so that other distinct intermediary re- 
actions occur. As a consequence, a 
“wild” flow of reactions results that 
yields undesirable products, and finally 
the simultaneous action of hydrogen 
and oxygen causes a formation of light 
oxy-hydrocarbons having very weak 
oxygen linkages possessing a tendency 
to polymerize into higher oxidation 
products. 

This process, therefore, should take 
place in two stages. In the first phase 
the destructive hydrogenation should 
take place; in the second phase the 
catalytic air-oxidation process should 
occur. Each of these reactions must, of 
course, occur in a separate reaction 
chamber, and the starting material 
must be treated in the vapor phase. A 
very interesting patent’® proposes hy- 
drogenation of the oil prior to oxida- 
tion. In this process hydrocarbon oils 
containing paraffin wax are treated by 
hydrogen at a temperature of 400°- 
470°C. under a pressure of 200 atmos- 
pheres in the presence of oxides as 
catalyst. 


The hydrocarbon atoms thus hydro- 
genated are cooled and directed to the 
second reaction chamber in which the 
catalytic air-oxidation reaction takes 
place. Under a normal pressure and a 
temperature of 180°C., the hydrogen- 
ated hydrocarbon particles will be ox- 
idated in the chamber to form light 
stable oxy-hydrocarbons. When using 
catalysts such as stearate or perman- 
ganate, the air-oxidation process will 
result in a good yield of fatty acids. 

It is interesting to mention here that 
steam can also be used in the catalytic 
oxidation of hydrocarbons. The man- 
ufacture of water gas from solid coal 
is nothing but the catalytic oxidation 
process using heated steam. Under the 
influence of a proper catalyst and pro- 
per operating conditions the steam 
is split into oxygen and nascent hy- 
drogen, the oxygen entering into chem- 
ical reaction with the carbon molecules 
to form carbon dioxide. Under milder 
conditions, however, the catalytic oxy- 
gen action of the heated steam only 
causes the formation of oxy-hydro- 
carbons. 


In this case active labile OH-mole- 
cules are formed that migrate during 
the process to form true aldehydes, 
alcohols, ketones, and phenols. Accord- 
ing to this phenomenon, the Fischer 
process is able to produce a mixture of 
alcohols from the water gas. Of course, 
the catalytic oxidation process by 
means of the steam can also be carried 
out on hydrocarbons of the petroleum 
type. Thus gaseous, liquid, and solid 
hydrocarbons can be submitted to the 


Brit. P. 369,852. 


steam oxidation-cracking process in 
the vapor phase, using proper operat- 
ing conditions and a proper catalyst. 

Different catalysts in the form of 
oxides can also be used as catalytic 
oxidation material, especially in the 
cracking processes of higher-molecular 
hydrocarbons. The reason for this lies 
in the deposition of coke during the 
cracking reactions. The metallic oxide 
is able to oxidate the remaining carbon 
atoms into carbon dioxide thus pre- 
venting the deposition of coke. 
Ramage™ proposes the use of Fe,O,, 
which, being reduced to FeO, attacks 
the formed carbon by means of the 
split oxygen, transforming it into car- 
bon dioxide. At the same time split 
hydrogen atoms also enter into chem- 
ical reaction with the split oxygen 
forming water that in the further re- 
actions enters into chemical reaction 
with the FeO resulting in the forma- 
tion of Fe,O, and the splitting of hy- 
drogen. 


All catalysts in the form of oxides 
improve the flow of the reactions dur- 
ing the cracking process because the 
remaining carbon atoms are not al- 
lowed to enter into chemical reaction 
with the split hydrocarbons. Thus the 
condensation and polymerization proc- 
ess is prevented, the yield of gasoline 
is increased, and the amount of coke 
formed is decreased. Of course, the 
volume of gas formed is increased 
slightly, as more carbon dioxide mole- 
cules are formed. A smaller volume of 
asphaltic and resin-like compounds is 
obtained as the conditions favor the 
formation of lower molecular hydro- 
carbons. 


Reviewing the factors discussed in 
this article, it may be concluded that 
catalytic air-oxidation plays a very im- 
portant part in all branches of the oil- 
refining industry. It is a decisive factor 
in the distillation process in that it 
influences the type of petroleum prod- 
ucts obtained. The longer the contact 
time between the air and the hydro- 
carbons during the distillation, the 
more hydrocarbons will be submitted 
to different decomposition reactions. 
Pipe-still operations, therefore, show 
better results than those of the shell- 
still, because of the short contact time 
between the air and the heated starting 
material. Also important is the con- 
centration of the air during the dis- 
tillation process. Consequently, the 
purpose of a high vacuum in distilla- 
tion is not only to decrease the boiling 
points of the hydrocarbons but also to 
dilute the air-medium and thus de- 
crease the cracking oxidation reactions. 


Furthermore, the catalytic air-ac- 
tion is used in the improvement of in- 


~3U.S.P. 1,365,849. 
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ferior asphalts by rearrangement of the 
inferior hydrocarbons to form true res- 
ins and asphaltenes. Conversely, this 
oxygenation also creates favorable re- 
actions during the cracking of higher- 
molecular hydrocarbons into gasoline. 
The oxygen in this instance binds the 
carbon atoms that have not previously 
found available hydrogen atoms dur- 
ing their fluctuation. Of course, air 
can cause serious explosions if not con- 
trolled properly; it is better, therefore, 
to use metallic oxides, the oxygen of 
which enters into oxidation reactions 
that retard the formation of coke and 
increase the yield of lower molecular 
hydrocarbons. 

The catalytic oxygen-reaction ex- 
hibits a similar characteristic in the de- 
structive hydrogenation processes. It is 


very convenient, therefore, to use 
catalysts in the form of oxides that aid 
in controlling the rate of reaction so 
that only desirable products are ob- 
tained. The formation of water gas as 
a source of material for the manufac- 
ture of hydrocarbons and oxy-hydro- 
carbons can also be considered as a 
result of the action of the catalytic 
air-oxidation process. The difference 
between the hydrogenation of hydro- 
carbons and the production of gaso- 
line and other products lies only in the 
manner of operation. In the first case 
the oxygen acts as a joiner that, after 
the carbon and hydrogen atoms are 
cembined, is split from the molecule, 
then joining other carbon-hydrogen 
atoms; in the second case the oxygen 
enters into reaction with split carbon 





atoms forming carbon monoxide, 
which then subsequently combines 
with hydrogen atoms in various reac- 
tions to form true hydrocarbons. In 
the first case very small amounts of 
oxygen are required; in the second case 
very large volumes of oxygen must 
be used. Metallic oxides, therefore, are 
suitable as catalysts in the first case, 
but in the second, large volumes of 
steam are necessary. 

Finally, catalytic air-oxidation plays 
a very important role in the manufac- 
ture of organic acids, alcohols, ketones, 
aldehydes, etc., from gaseous, liquid, 
and solid hydrocarbons. In this pro- 
cess, catalysts and operating conditions 
may be selected to control the com- 
position and quality of the products 
obtained. 
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Machine for Wrapping Diaphragms of Large Displacement Meters 
By ROY W. PARKER, Oklahoma Natural Gas Company 


NY repairman who has hand- 
A wrapped meter diaphragms will 
recall a few disturbed moments. Hand- 
wrapping is not only a slow procedure, 
but it is difficult to do a good, neat 
job. 

In the interest of lower repair cost 
on this type of meter, the shop foreman 
of the Oklahoma Natural Gas Com- 
pany, Harry Wilson, and the repair- 


men, offered their ideas as to a better 


method. The result was a machine that 
will wrap about 30 diaphragms per day 
as compared to 5 or 6 by the hand 
method, and the wrapped diaphragm is 
comparable to a factory job as to wire 
strand evenness and tautness. 

This machine, as shown in the ac- 
companying illustration, is of simple 
construction and inexpensive compared 
to the savings effected. The general 
specifications are as follows: The frame 
is 8 in. wide, 10 in. long, 3 in. deep in 
front, and 8 in. deep where the drum- 
shaft extends to the large master cog- 
wheel. This main shaft is 7-in. cold- 
rolled steel and the other two auxiliary 
cogwheel shafts are 34 in. in diameter. 

The ratio of crank revolution to di- 
aphragm drum revolution is 26 to 1. 
The three power gears are a 12-cog 
crank gear to a 50-cog intermediate 
gear to the 76-cog main drive gear. 
The idling gear below the crank gear 
has 18 cogs. The main drumshaft is 
threaded to take a left-hand female 
thread on the drums. The diaphragm 
drums are made to fit the different 
sizes and are fashioned like a car brake 
drum. The diaphragm plate is fitted 
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This machine will wrap 30 meter diaphragms per day compared to 
5 or 6 by the hand method 


DLL LLL ll 


over the drum and an adjustable set 
screw on the rim gives the proper ten- 
sion. In the illustration, on the wall at 
the left is situated the clamp through 
which the wire passes and by which 
the desired tension is obtained. Small 





fibre blocks between metal blocks 
through which the wire passes serve as 
a brake to the wire being wrapped 
around the diaphragm. Thumb-screws 
through these plates can be tightened 
to give the proper tension on the wire. 
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Determining Minimum Current Required 
to Provide Adequate Cathodic Protection 








Biographical sketches and 
photographs of the authors 
can be found on page 38 of 
the October issue of The Pe- 
troleum Engineeer, in connec- 
tion with Part 1 of this article. 




















N PART 1 of this article’ the 

writers established a theoretical 
half-cell protective potential between 
pipe and soil of — 0.2853 volt. The 
statement was made that it was im- 
possible to conceive of corrosive soil 
possessing infinite resistance. Hence, 
although we speak of protective poten- 
tials, the problem really concerns the 
current that flows in the circuit be- 
cause of this difference of potential. 


Part 2 of the article will be devoted 
to showing what happens to the cur- 
rent curve when protective potential 
is reached at the cathode and how lab- 
oratory experiments yield values for 
this protective potential that very 





1The Petroleum Engineer, October, 1939. 





Fig. 2. Curve showing rise of cathode- 
solution E.M.F. with increase of charg- 
ing current. Cathode: iron wire 2 cm. 
long. Temperature: 25°C; 77°F. 
Solution: tap water 
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nearly coincide with the calculated 
theoretical value. 


As it is desired to obtain relative 
values of the solution current and the 
solution to cathode potentials, the ad- 
visability of keeping the cathode rela- 
tively of as small an exposed area as 
possible immediately presented itself. It 
was also seen to be absolutely necessary 
that no current be drawn from the 
circuit by the measuring device and 


that an accurate comparison standard 
cell be present in the circuit at all 
times. The cell must of course have a 
known temperature correction factor. 


With all these factors in mind the 
apparatus was set up as shown in Fig. 
1. The N/10 calomel electrode is shown 
with thermometer attached and its po- 
tential to its solution is expressed by 
the equation: En/i0o — Ejig— +-0.6130 
+ (t—18) 0.0008 where “‘t” is in °C. 
























































-0.7 ] 

-0.6 

i ) 
r -0.5 i 
to) 
o$ Pod 
“1570.4 
“e y 
ro 
| 
ad-03 
z> tome VOLT *P* 
<3 
us 4 
5-02 
« "4 
1-038 VOLT NEUTRALITY OF) WATER 
-0.1 
r) 
° 10 20 30 40 50 60 70 80 90 


MICROAMPERES 
CHARGING CURRENT LG 


THE PETROLEUM ENGINEER, JAN., 1940 





CO rm 










McKISSICK 


BLOCKS 


For Every Purpose 





Quick Opening 
Snatch Block 


Safety Swabbing and Construction 
tloor Block Coring Block Tubing Block Bailing Block Block 


Heavy Duty 
Snatch Block 


es 








Peerless 
Snatch Block 











Descriptive literature fully illustrated will be gladly furnished upon request. 


McKISSICK PRODUCTS CORPORATION 
TULSA, OKLAHOMA, U.S.A. 
Export Division: A. V. Simonson, 149 Broadway, New York, N. Y. 


















© SOLUTION , 
° ° 
e © 
x 6 


6 
“ 





| VOLTAGE (PROTECTION POTENTIAL) JRON CATHODE T 
} ” 
3 3 








orc °c 20°c yore aorc sorc eorc 7o*c eorc 
32°F soe eorr berr - °F sorr err seer 
TEMPERATURE 


Fig. 3. Graph showing rise in value of 


protection potential with rise in 
temperature 


rrr rr rrr rrr worm ro rrr ro rrr rrr 


The potential of the liquid referred to 
the normal hydrogen electrode is Ejj, 
— E, = — 0.2800 — 0.00074 (t— 18) 
where “‘t”’ is again expressed in °C. 
It will be noted that a potassium 
chloride agar-gel bridge connects th 
N10 calomel electrode to the fine iron 
wire used as an experimental cathode. 
The beak of the glass tubing of this 
bridge should make contact with the 
sclution immediately surrounding the 
cathode wire to avoid soluticn “ir” 
drops. The cathode wire was of C.P. 
iron and No. 26 gauge and two centi- 
meters long. The electrenic bridge was 
made from a saturated solution of po- 
tassium chloride mixed with agar-gel. 
A special vacuum-tube voltmeter 
having an input resistance of 5 meg. 
ohms was used as a balancing galvano- 
meter between the potentiometer volt- 
meter circuit and the calomel electrode. 
The solution current was measured as 
accurately as possible by the multi- 
range micro-ammeter shown to the 
right of the reversing switch in Fig. 1. 


Ordinary tap water was used as the 
first electrolyte and a very interesting 
curve drawn (Fig. 2). On this curve 
will be noted two ripples; one occur- 
ing at a point on the curve where the 
iron wire reached a solution potential 
of —0.135, and the other at —0.285 
volt. The first of these ripples was 
undoubtedly due to the fact that the 
tap water used was slightly acid and 
the alkali produced at the cathode neu- 
tralized the water in the immediate vi- 
cinity. When this neutralization was 
complete, hydroxyl ions could accumu- 
late at the cathode at the same rate 
until a point was reached at which the 
slope of the curve was maximum and 
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a very marked increase in cathode po- 
tential was obtained per unit current 
applied. This point is considered that 
at which electrical protective potential 
of iron is established; measured in the 
laboratory to be —0.285 volt. This 
compares very favorably with the cal- 
culated value of —0.2853. 

Table 1 illustrates the method of 
ccmputing the results of the experi- 
ment and Table 2 shows the compara- 
tive results for various electrolytes ex- 
amined. 

It will be noted from Table 2 that 
the protective potential does not vary 
with a change in solutions, the changes 
noted being due to differences in tem- 
perature. This leads to the belief that 
the greatest influencing factor on pro- 
tective potential is temperature. 

Fig. 3 shows the close proximinity 
to 2 straight-line curve that the actual 
measured points describe. It is possible 
to assume that this is a straight-line 
curve and that its theoretical exten- 


sion would be as shown. It is noted 
from this curve that protective poten- 
tial at 122°F. is no longer —0.2853 
but has taken on a new value in the 
vicinity of —0.315 volt. Also, at a 
theoretical 186°F. it would be about 
—0.347. This straight-line curve re- 
lation was predicted by the equation: 

ee 

E, T, 
which was discussed in Part 1 of this 
article. It was stated that the calcu- 
lated protective potential should be 
corrected for temperature in accord- 
ance with the equation: 


Ey, = —0.2853 —0.00096 (t—25), 
where t is in °C. 
Fes = —0.2853 —0.00053 (t—77), 


where t is in °F, 

The experimental protective poten- 
tials observed in Table 2 were averaged 
and corrected to 25°C. where an aver- 
age observed potential of —0.283 volt 
was obtained. 





Voltage of calomel cell, —0.6214 


Calculated value at 0°C., —0.289 





TABLE | 
I Charging E Voltage dI Change in dE Change in dE 
current in referred to current in solution potential —- 
milliamperes calomel cell milliamperes at cathode volts dl 
0.293 0.950 
0.150 0.939 0.143 0.011 0.0767 
0.086 0.924 0.064 0.015 0.234 
0.069 0.917 0.017 0.007 0.410 
0.061 0.908 0.008 0.009 0.12 
0.051 0.900 0.010 0.008 0.8 
0.033 0.883 0.018 0.017 0.945 
0.015 0.863 0.018 0.02 0.900 
0 0.855 0.015 0.008 0.533 
Average protection potential, —0.9145 


Temperature of solution, 82°F. or 27.78°C. 
Temperature of calomel cell, 83°F. or 28.33°C. 


Protective potential referred to solution, —0.293 














TABLE 2 
Solution, Experimental Calculated 
Fe SO, Concentration protective Temperature, protective 
plus - - - of salt or base potential, °F. potential 
negative volts 
Acid water Not measured -0.285 77 —0 .2853 
Na OH N/100 —0.291 90 —0.292 
Na OH N/100 —0 .292 88 —0.291 
KCl N/10 0.316 118 —0.311 
KCl N/10 —0.270 48 —0.272 
KCl N/10 —0.284 73 —0).282 
KCl N/10 —0.282 70 —0.281 
NaCl N/10 —0.274 64 —0.278 
NaCl N/10 0.286 89 -0.291 
Acid tap water Not measured 0.294 110 0.306 
Acid tap water Not measured —0 .292 101 —0 .300 
Na 1 N /100 0.278 86 0.290 
NaCl N/100 0.282 81 0.287 
NaCl N/10 —0 .293 83 —0.289 
Acid tap water Not measured —~0.295 86 0.290 
FeSO, Saturated —0 .285 83 0.289 
FeSO, Saturated —0 .282 84 —0.290 
NaCl N/10 —0.286 78 —0 .286 
Averages —Q) . 287 84 


All protective potentials averaged and reduced to 25°C., 77°F., —0.283 
Calculated value from Part 1 of this article, —0.2853 
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Proper Installation of Pumping Unit 
Essential to Satisfactory Service 


By 


KENNETH N. MILLS 


Chief Engineer, American Manufacturing 
Company of Texas 


HE selection of a pumping unit 
of the proper size for a given well 
does not give complete assurance that 
the unit will render satisfactory serv- 
ice, because the service obtained from 
the unit will depend to a considerable 
extent upon how the unit is installed 
and serviced. If the unit is properly 
installed, all loads imposed on it will 
be applied in the most favorable man- 
ner, and none of its members or bear- 
ings will be subjected to the unneces- 
sary loads incident to some installation 
errors. Also, the loads will be trans- 
ferred from the unit to the foundation 
in a manner that will not subject the 
foundation bolts to unnecessary loads 
and possible failure. 
One of the most common errors in- 
volving pumping unit foundations is 


misalignment of the pumping unit 
relative to the wellhead. To attain the 
most favorable loading on all members, 
the center-line of the unit must inter- 
sect the center of the well. If this 
alignment is not obtained, the center 
of the polished-rod hanger will not be 
coincident with the center line of the 
well, unless the beam is oriented or ro- 
tated with respect to the center line 
of the unit. If the beam on a twin- 
crank unit is oriented in this manner, 
the center of the beam equalizer bear- 
ing will not be vertically over the cen- 
ter of the speed reducer. If the beam 
on a single crank unit is oriented in 
this manner, the center of the beam 
pitman bearing will not be vertically 
over the center of the wristpin bear- 
ing. If these points are not properly 


Correct alignment of unit on foundation may be obtained 
by use of bolt templates and grout sleeves 
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Fig. |. A typical templet for a twin crank unit, used to locate 
foundation bolts and thus eliminate certain foundation errors 


vv 


| 
a 
SS) 
VELL 












































yal —= Shakey a Pe : 0) 
i fimartinant tbat) 








THE PETROLEUM ENGINEER, JAN., 1940 
































Fig. 2. Correct foundation-bolt 
installation 





aligned, a lateral load will be imposed 
on the rear end of the beam, and a 
torsional moment will be imposed on 
the samson post. The lateral load on 
the beam will set up bending stresses 
that will add directly to those nor- 
mally existing in the beam, and if the 
intensity of these combined stresses is 
great enough, they will cause the beam 
to fail. The torsional moment imposed 
on the samson post may induce addi- 
tional stresses in the samson post mem- 
bers that will contribute to failure of 
the samson post as well. 

If the unit includes a bell crank or 
V-type under-beam take-off for pump- 
ing a second well, the center line of 
the unit must intersect and be parallel 
to the vertical plane of the rod line as 
it enters the pumping unit. If the 
pumping unit is not properly aligned 
with the rod line to the second well, 
the load distribution across the pull-rod 
bearing on the take-off to the second 
well will not be uniform, and the load 


will not be uniformly distributed be- 
tween the two pull straps. The non- 
uniform loading imposed on the pull- 
strap bearing will cause the bearing 
pressure to become very high on one 
side of the bearing and very low on the 
other side of the bearing, resulting in 
decreased life of the bearing. The un- 
equal distribution of the load on the 
pull straps can cause one of them to 
fail, if the misalignment is great, be- 
cause, in addition to increasing the 









































Fig. 3. The grout-pipe was located 

properly but careless placement of 

the concrete resulted in the bolt-head 
being pushed “out of plumb" 





ore 





tensile load in one of the pull straps, it 
induces bending stresses in the pull 
straps. 

In the case of a V-type under-beam 
take-off, the lateral load imposed on 
its lower end by the misalignment will 
set-up bending stresses in its members. 
As these stresses add to those normally 





existing in the members, they may in- 
crease the maximum stress in these 
members, causing failure. 

The above types of foundation er- 
rors can be eliminated by using a tem- 
plet to locate the foundation bolts, A 
typical templet of this type for a twin 
crank unit is shown in Fig. 1. This 
templet has holes for each foundation 
bolt, and the grout pipes are nailed to 
its underside. A template of this type 
can be aligned with the well by stretch- 
ing a line between the rear center 
of the unit and the center of the well, 
and adjusting the front center of the 
unit to coincide with this center line. 
When the templet is thus located, it 
should be securely anchored so it will 
not be displaced when the concrete is 
poured into the foundation pit. 

The use of grout pipes has saved 
many foundation blocks from the 





Fig. 4. Errors in locating bolts should 
not be corrected by resorting to this 
much bolt-bending 
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Fig. 5 
Aligning double-crank installations 


SAMSON POST 








blasting powder, but it has caused in- 
numerable foundation bolt failures. 
Grout pipes can and should be used in 
all foundations to permit correcting 
small errors that are almost impossible 
to eliminate, but they should not be 
considered as a means of correcting 
large unnecessary foundation errors. 
The ideal foundation bolt installation 
is shown in Fig. 2. When a foundation 
bolt is installed in this manner, the 
loads imposed on it are applied uni- 
formly over the undersurface of the 
nut, and are transferred directly to the 
bolt as pure tension. Two common 
types of misuse of grout pipes are 
shown in Figs, 3 and 4. In each of 
these installations, the loads are not ap- 
plied uniformly over the undersurface 
of the nut, but are concentrated on 
one side of the nut. The non-uniform 
application of the load to the nut sets- 
up bending stresses in the foundation 
bolt. As these bending stresses add to 
the tensile stress normally existing in 
the bolt, they reduce the load capacity 
of the bolt and may cause it to fail. 


Foundation bolts on which the nuts 
are not snug will cause the foundation 
bolt load to be carried by the founda- 
tion bolts on which the nuts are snug, 
and as the latter are called on to carry 
more than their share of the load, fail- 
ure may result. If all nuts are loose, 
impact loads will be imposed on the 
foundation bolts inducing high stresses 
and causing the bolts to fail. 


If the surface of the foundation 
block is not smooth and level, one or 
more foundation bolts may be carry- 


THE PETROLEUM ENGINEER, JAN., 1940 


ing more than its share of the load. 
This condition has caused numerous 
foundation bolt failures, and the pos- 
sibility of this occurring can be reduced 
to a minimum by placing a 1-in. grout 
between the equipment and the foun- 
dation block, after the equipment has 
been leveled by the use of shims. It 
is important to note that the shims 
should be removed after the grout has 
set. 

Lateral beam loads and the accom- 
panying torsional samson post loads 
can be imposed on a unit by conditions 
other than beam misalignment. If the 
plane in which the beam oscillates is 
not parallel to the planes in which the 
centers of the wristpins rotate, a lat- 
eral load will be imposed on the beam. 
If the plane of beam oscillation is not 
coincident with the center line of the 


well, a lateral load will be imposed on 
the beam. The possibility of a lateral 
load being imposed on the beam by its 
traveling diagonally to the polished rod 
can be eliminated by having the saddle- 
shaft level. The wristpin centers will 
travel in a plane parallel to the beam 
only if the crankshaft is parallel to the 
saddleshaft. If the unit has a steel sub- 
base, a horizontal plane through the 
center line of the crankshaft will be 
parallel to a horizontal plane through 
the center line of the saddleshaft, but 
due to the clearances between the re- 
ducer foundation bolts and their holes, 
vertical planes through the center lines 
of these shafts may not be parallel. 
These two shafts can be aligned in the 
vertical plane by locating the center 
line of the samson post on the frame 
of the unit and adjusting the location 
of the reducer until the distances A 
and B, as shown in Figs. 5 and 6, are 
equal. 

If the reducer and samson post are 
mounted directly on a concrete foun- 
dation, the saddleshaft and crankshaft 
can be aligned in the horizontal plane 
by leveling each, and they can be 
aligned in the vertical plane by the 
foregoing method. 

These rules for the proper installa- 
tion of a pumping unit are all simple, 
and the cost of abiding by them is 
small when compared to the return re- 
ceived. This return will manifest itself 
in the form of lower maintenance cost 
and less loss of production due to shut- 
downs. 











Fig. 6 
Aligning single-crank installations 
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Mechanical Practicability of Electrical 
Logging While Drilling 


Special equipment gives a continuous record at the wellhead 

while drilling is in progress. The results obtained on six wells 

demonstrate the feasibility of a new system that may have a far- 
reaching influence in advancing modern drilling technique 





By DAVID G. HAWTHORN, Development Engineer, Amerada Petroleum Corporation 
and JOHN E. OWEN, Physicist, Geophysical Research Corporation 


OTARY drilling, with ample jus- 

tification has been termed “‘drill- 
ing in the dark.” When normal rotary 
drilling is in progress, little is definitely 
known and positive data are not imme- 
diately available on the nature and 
characteristics of the formation being 
penetrated by the bit. 

An increasingly insistent need has 
been felt for the development of 
means by which tangible informa- 
tion could be had instantly; this need 
has been particularly great in the 
drilling of wildcat and exploratory 
wells. Greater depths and higher drill- 
ing speeds, besides accentuating this 
need, have also made the problem be- 
come increasingly critical. Potential 
oil- and gas-producing zones may be 
drilled through and passed by without 
being detected. Experience indicates 
that when this happens many of these 
zones may never be discovered. As pro- 
tection against this contingency, con- 
ventional and wire-line coring have 
been resorted to in increasingly greater 
degree, until exploratory drilling costs 
in many cases have become inordi- 
nately high. High drilling costs and 
the inherent limitations in coring re- 
sults have caused a recent trend in the 
reverse direction toward less costly and 
more expedient methods. These, in 
some cases, may prove adequate, but 
the basic difficulty has not been altered 
or removed. 

The overcoming of this inherent 
drawback to rotary drilling has been 
the hard-sought-after objective of oil 
men for many years. The development 
of electrical logging is an approach to 
a solution of the problem. Electrical 
logging has been established and 
proved in the United States during the 
last ten years, and today it is recog- 
nized as one of the outstanding contri- 
butions to scientific advancement in 
the art of drilling and prospecting for 
oil. It is now accepted as one of the 
most useful aids to prospecting that 
are available. 


The system herein described, where- 
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by a well is logged electrically while 
it is being drilled, is an advanced appli- 
cation of electrical logging. As now 
developed, the system amply demon- 
strates the mechanical practicability of 
overcoming an inherently difficult 
problem involved in rotary drilling. 


The Amerada Petroleum Corpora- 
tion, assisted by the laboratory facili- 
ties of the Geophysical Research Cor- 
poration, for several years has been 


developing and testing a special rotary 
drill stem and accompanying auxiliary 
equipment, with which to make possi- 
ble the procuring of electrical well logs 
simultaneously with drilling. The basic 
plan behind the development has been 
the use of the drilling bit as the ex- 
ploring electrode from which electrical 
readings might be obtained and re- 
corded at the surface. To accomplish 
this it has been necessary to incorpo- 
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rate, as an integral part of the drill 
stem, an electric circuit and to insulate 
by suitable means the bit from the 
pipe. It was further necessary to pro- 
vide recording apparatus and means 
for connecting this apparatus to the 
drill-stem circuit. 

Approximately 6000 ft. of special 
drill pipe has been constructed. Two 
insulated drill collars and a special 
kelly and kelly subs have been fabri- 
cated to complete the drill stem. Re- 
cording equipment has been designed, 
assembled, and mounted in a house 
trailer in which are also placed miscel- 
laneous control and testing apparatus. 
Insulated cables running from the 
trailer to the derrick connect the re- 
cording apparatus to the electrical cir- 
cuit in the drill stem. 

This equipment has been used to 
drill six wells scattered throughout the 
Mid-Continent and Gulf Coast areas. 
A record of these tests is shown in 
Table 1. Of the 27,267 ft. of hole 
drilled and available for logging, 
24,320 ft. of record was successfully 
obtained. An overall percentage figure 
of 89.2 percent might be shown, but 
this figure has little significance with- 
out being qualified. While drilling the 
first three test wells a serious mechan- 
ical defect was present in the drill 
stem, causing considerable trouble in 
maintaining proper circuit. Even the 
relatively satisfactory figures of 91.00 
percent and 93.29 percent, obtained in 
the second and third tests respectively, 
are somewhat misleading, for they were 
obtained at considerable extra work 
and expense. This extra work was not 
done, however, for the primary pur- 
pose of obtaining additional records, 
but rather to gain further knowledge 
and experience with the drill stem 
under actual drilling service. After 
drilling the third well, the mechanical 
difficulty was found and corrected. 


From this time on results from the 
equipment were more encouraging and 
the percentage figures for the last 
three tests speak for themselves. In the 
case of the Kleiner well in Haskell 
County, Texas, drilling was in prog- 
ress for more than nine weeks, and 
only two or three times did trouble of 
any consequence occur. From the table 
will be seen the continuously increas- 
ing percentage of record obtained. This 
is particularly significant, especially 
when considering the fact that on each 
successive well operating troubles and 
interference to drilling became less and 
less. 

The electrical record taken while 
drilling is similar to any conventional 
electrical log, except that potentials 
and resistances are continuously meas- 
ured and recorded on a meter while 
drilling is in progress. The chart is in 
plain view of the observer at all times. 
Formation resistance is recorded on the 
right and formation potential on the 
left. Both measurements are recorded 
against the well depth as the other co- 
ordinate. 

At the completion of drilling, each 
well drilled was electrically surveyed 
by the conventional method. The rec- 
ords obtained while drilling are in 
most instances similar if not identical 
to the conventional logs; however, in 
a few instances very interesting differ- 
ences occur. Some of these may be 
observed in the accompanying illustra- 
tion of the records. Significant com- 
parisons may be made at depths of 
2670 ft., 2715 ft., 2775 ft., 2800 ft., 
and 2870 ft. A general comparison of 
the two charts regarding similarity and 
amount of detail is particularly inter- 
esting, especially considering the ex- 
treme difference in the two logging 
methods. The dotted line at 2875 ft. 
on the resistance curve indicates where 
a core was taken, the dotted part of 





TABLE | 
Drilling Record 





Well and location Started | Completed | 


Drilled Feet of 
drilling | Percent 














From | To Total record 
| ft. | ft. | ft. | obtained 
1. No. 2 W. D. Knight, Langston field, | 
Logan County, Okla............ 1-23-38 2-28-38 | 287 | 4977 | 4690 | 3143 | 67.01 
2. No. 2 Ralph C. Smith, Fairbanks 
field, Harris County, Texas...... 6-30-38 | 7-13-38 | 77 5155 5078 4621 | 91.00 
3. No.1J.H. Emmott, Fairbanks field, | } 
Harris County, Texas .......... 9-28-38 | 10- 7-38 | 1208 | 5203 3995 | 3727 93.29 
4. No. 4 K. C. Silberberg, Fairbanks 
field, Harris County, Texas... .. 2-11-39 | 2-18-39 | 1213 5412 | 4199 3952 94.12 
5. No. 1 Chas. Kleiner, Wildcat, Has- 
kell County, Texas............. 3-26-39 5-25-39 | 247 5607 | 5360 5047 94.16 
6. No. 10 Hettie Berk, Cavuga field, 
Freestone County, Texas...... | 11-18-39 12- 1-39 80 4025 | 3945 3830 | 97.08* 
Total feet of hole drilled ....... | 27,267 | 
Total feet cf hole electrically logged | | 
while drilling ............... | 24,320 
| | | 

















became negligible. 





*This figure reached as a result of increasing experience and the elimination of certain 
mechanical difficulties to the point that interference with normal rig and drilling operations 
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the curve being the actual reading 
obtained while reaming the core hole, 


The Electric Circuit 


Both the single- and multiple-elec- 
trode systems are in common use to- 
day for electrically logging wells. The 
multiple-electrode system, in which 
three or more electrodes are used, re- 
quires a separate insulated conductor 
for each electrode, whereas in the sin- 
gle-electrode system, one electrode and 
one insulated lead are all that are re- 
quired. At the time of considering the 
incorporation of an electric circuit in 
the rotary drill stem and using the bit 
as the exploring electrode, mechanical 
practicability favored the single-elec- 
trode system. Even had this not been 
the case, the single-electrode system 
probably would have been chosen be- 
cause of its apparent advantages in this 
particular application. 

When using a single electrode, the 
resistance that is logged is a function 
of the resistivity of the earth material 
surrounding the electrode. As seen in 
the wiring diagram in Fig. 1, a num- 
ber of other resistances are in the cir- 
cuit. The basic formula for the circuit 
is: 


R= = [+ (dr.+rx) +netn| 


in which 


e = oscillator voltage 

I =current in the circuit 

Ry = resistance of the formation 

fz = resistance of ground 

ris — resistance of line switch 

r, = resistance of apparatus 

rx = depth compensating resistance 
r. — resistance of cable/ft. 

d = depth 


As the resistance of the cable is pro- 
portional to depth, a compensating re- 
sistance rx is introduced into the cir- 
cuit, and as pipe is added to the string, 
rx is adjusted so that 
dr, + rx = Constant 

All other resistances appearing on the 
right-hand side of the equation are 
constant, or practically so, hence the 
current I depends only upon Ry. Thus: 

Ry = > — K (a constant) 
and the recording meter, which is pri- 
marily a current recorder, is calibrated 
to read the resistance Ry directly in 
ohms. This resistance then is character- 
istic of the formation in the immediate 
proximity of the bit. 

Earth potentials cause direct current 
to flow in the circuit. Because it is de- 
sirable to record both resistance and 
earth potential simultaneously and be- 
cause only a single insulated conductor 
to the electrode is provided, alternat- 
ing current is used for making the re- 
sistance measurements. This permits a 
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separation of the two in the recording 
apparatus by means of the filter shown 
in the diagram. The duplex recorder 
thereby gives a complete log of both 
formation potential and formation re- 
sistance. 


Testing the Circuit 


Early in the development the need 
for means to test the electrical circuit 
was recognized. This need arose be- 
cause of the peculiar nature of the me- 
chanical construction of the circuit. 
Instead of connecting the recording 
apparatus to the electrode by means of 
a single length of cable, as is done 
with other types of electric logging 
equipment, each joint of pipe was so 
fabricated that it contained a section 
of cable having an automatically-en- 
gaging terminal at each end. Each pair 
(male and female) of terminals is re- 
quired to engage properly and make 
and maintain good electrical contact 
and likewise to provide thorough insu- 
lation of the conductor. There are two 
terminals, through which the current 
must pass, for each pipe connection in 
the drill string. The failure of any one 
of these terminals would result in loss 
of the circuit; hence, the need for a 
means of testing the circuit is quite 
obvious. 


A special circuit-testing switch 
called the “line switch” was developed 
to meet this need. It is mounted in a 
special sub whose place in the drill 
string is immediately above the insu- 
lated drill collar. It is connected into 
the circuit as shown schematically in 
the wiring diagram, Fig. 1. By means 
of this switch the operator in the 
trailer can, whenever he desires, test 
the entire circuit from the recording 
trailer to the top of the drill collar for 
“continuity” or for “insulation resist- 
ance.” These tests are made with no 
interruption to drilling or loss of 
record. The line switch contains an 
actuating solenoid, which is energized 
from the batteries when S, and S, are 
thrown to the right. The rheostat pro- 
vides an adjustment for the current. 
Considerably more current is required 
to actuate the line switch than is used 
in the recording apparatus. The line 
switch is so constructed that when S, 
is thrown to the left, turning off the 
energizing current and bringing the 
ohmmeter into the circuit, readings of 
continuity and insulation resistance are 
successively indicated. 


Construction of the Drill Stem 

The design and development of the 
special drill stem involved three major 
problems. The first was the drill pipe. 
How and in what manner could an 
insulated electric conductor be in- 
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Corresponding sections of two electric logs each taken in the same well—the 
one on the left was obtained by the conventional method and the one on the 
right by the continuous system while drilling 
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corporated integrally within a joint of 
drill pipe so that current might be 
carried from one end to the other? The 
next and probably the most difficult 
problem of all was to develop means 
to carry current from one joint of 
pipe to another and still keep the me- 
chanics practical and applicable to 
rotary rig practice. The third problem 
was the design and construction of an 
insulating drill collar that would insu- 
late suitably the bit from the drill pipe. 


The Drill Pipe. A manufacturing 
procedure was developed whereby a 
small semi-elliptical, cold-drawn, seam- 
less-steel tube was brazed to the inner 
periphery of the drill pipe to serve as 
a conduit. By this means, an electric 
cable can be protected and securely 
held to the inside wall of the drill pipe. 
A section of pipe is illustrated in Fig. 


> o 


Fig. 2. Section of pipe with conduit brazed in place, and cutaway section 
through upset showing conduit and cable 


or rr 





2. The steel conduit tube runs the 
full length of a joint and is brazed 





Fig. 1. Wiring arrangement of electrical logging apparatus for obtaining while 
drilling a continuous record of formations penetrated 
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throughout the entire length. A cable 
can be drawn into the conduit either 
before or after bucking on tool joints. 
With the exception of the conduit, the 
pipe is standard 4'4-in., 16.60-lb. 
A.P.I. drill pipe. The entire fabrication 
of the drill pipe containing the con- 
duit was done at the pipe mill. 

Brazing the conduit to the inside 
wall of the drill pipe was done simul- 
taneously with “normalizing.” An 
ordinary manganese bronze containing 
roughly 60 percent copper and 40 per- 
cent zinc was used; its melting point 
is about 1550°F., or some 50°F. less 
than the usual normalizing temperature 
of 1600°F. for the steel of the drill 
pipe. The bronze was drawn into wire 
and woven into an eight-mesh screen 
for the purpose of holding flux. The 
screen was sheared into strips 1 in. wide 
by 10 ft. long. After wiring the bronze 
screen strips to the conduit tube and 
fluxing, the assembly was slipped into 
the drill pipe and loaded into the “car 
bottom” furnace. Ordinary mill prac- 
tice is to use the continuous sloping 
hearth furnace for normalizing. This 
furnace, of course, could not be used, 
for the pipe must not be rolled while 
the conduit is being brazed. The con- 
tinuous furnace, however, subsequently 
was used for “drawing” the pipe at the 
lower temperature of about 1200°F. 

The physical and mechanical prop- 
erties of the pipe app. ently have been 
affected in no way by the presence of 
the conduit. Comparative fatigue tests 
were made at the pipe mill but no dif- 
ferences from standard drill pipe were 
observed. Likewise, under actual drill- 
ing conditions, nothing has developed 
that indicates the conduit is detri- 
mental to the life or service of the 
pipe. 

The Insulated Electric Termi- 
nals, Special terminals were designed 
to provide means for conducting cur- 
rent from one section of drill stem 
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A Hydrogenation Vessel, of Smith MULTI- 
LAYER Construction, approximately 20 feet 
long, built for high pressures in combination 
with elevated temperatures. 





Ar LAST a construction that provides full calcu- 
lated strength for diameter-thickness ratios of ten 
or less . . . Smith MULTI-LAYER Construction. It os 
gives industry its first dependable safeguard in the 
selection and operation of thick-walled, high-pres- 
sure vessels of small diameter, because it eliminates, 
for the first time, the element of ignorance in calcu- 
lating their actual strength. 

MULTI-LAYER Construction is the result of ex- 
perience and knowledge gained in testing to de- 
struction more than 20 full-size vessels during the 
past ten years, including nine vessels with a diam- 
eter-thickness ratio of less than ten. 

Today, Smith MULTI-LAYER High-pressure Ves- 
sels are satisfactorily serving the oil and process 
industries under pressures up to 5,000 pounds per 
square inch. 

MULTI-LAYER Construction eliminates old limi- 
tations on length and weight for small-diameter, 
thick-walled vessels. Where required for corrosion- 
resisting purposes or as protection against hydro- 
gen attack, the inside layer may be either Smith- 
lined or made of solid alloy. 








Close-up of a cross section of a MULTI- 
LAYER shell made of 3/16 in. steel plates, 
having a total thickness of about 61/2 inches. 
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to another. One terminal is called the 
male and the other the female. Male 
terminals are attached to the cable in 
the drill stem sections and mounted in 
tool joint “boxes.” Female terminals 
likewise are attached to the opposite 
end of the cables and mounted in tool 
joint “pins.” When tool joints are 
screwed together, the two terminals 
automatically engage to make electri- 
cal contact and simultaneously insulate 
the conductor. An illustration of the 
assembly is shown in Fig. 3. 

The female terminal is made from a 
short steel annulus or sleeve having a 
wall thickness of ¥% in. The sleeve is 
covered inside and out and around one 
end by an %-in. thick insulating jacket 
of neoprene (synthetic oil-resistant 
rubber). The other end of the sleeve 
is left exposed to form the contact. At 
this point, the neoprene is moulded on- 
to the steel in such a manner as to 
form protruding lips, thereby making 
a circular trough or groove, at the 
bottom of which is the contact. An 
insulated metal finger projects from 
the covered end of the terminal and is 
used for attaching the cable. The en- 
tire metal section of the terminal is 
the conductor. When attaching the 
terminal to the cable, the metal finger 
is soldered to the copper conductor of 
the cable. An insulating neoprene 
jacket is then vulcanized over the joint. 
Several female terminals already at- 
tached to cables are shown in Fig. 4. 
The spliced joints are soaking in a bath 
of salt water preparatory to testing the 
insulation for electrical leakage. Bronze 
bands used for supporting the neo- 
prene lips may also be seen. 

A heat-treated alloy-steel sleeve of 
the same dimensions as the female an- 





Fig. 4. Showing a group of female terminals and method of testing spliced 
joint in salt water bath 





nulus only longer, is used in making the 
male terminal. This sleeve is made into 
a coil spring by milling-out a spiral 
slot. The spring is then covered by an 
Yy-in. jacket of neoprene, the same as 
the female terminal. Only the top end 
of the spring is left exposed to form 
the contact. The neoprene at this point 
is moulded to form a wedge or receding 





lips over which the protruding lips of 
the female terminal flush, thereby insu- 
lating the conductor. The male termi- 
nals are attached to the cables in the 
same manner as the females. Several 
male terminals ready to be assembled 
in the tool joint boxes are shown in 
Fig. 5. 

The terminals are mounted in the 








Fig. 3. Detail of drill pipe and tool-joint terminal assembly 
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Fig 5. Group of male terminals ready for assembly in tool-joint box—Note 
contact at end of terminal and the spliced joint in foreground showing 
where terminal is attached to cable 


PBB LBB PPL PPP PP PP > 





tool joints so that they engage at the 
proper time as two sections of drill 
stem are screwed together. They are 
spaced to obtain '/2 in. to ¥ in. com- 
pression in the spring or male terminal. 
This results in a compressive force of 
100 to 125 lb. per sq. in. Approxi- 
mately 60 lb. per sq. in. is required 
to flare the female terminal lips and 
make contact. The remaining force is 
utilized to give ample contact pressure 
to prevent any possibility of vibration 
during drilling. 

The Insulated Drill Collar. For 
the bit to function as an electrode it 
must be insulated from the drill pipe. 
For the two steel members to be sep- 
arated only by a simple layer of insula- 
tion, however, is not enough, as they 
are both submerged and surrounded 
by the conductive drilling fluid. To 
measure properly the resistance desired, 
it is necessary for most of the current 
leaving the bit to pass into the sur- 
rounding formation. Much loss of cur- 
rent by conductivity through the mud 
stream to the steel above means loss of 
sensitivity and inaccuracy in the re- 
sistance measurements. Therefore, in 
addition to insulating the bit from the 
steel of the drill stem above, it is also 
necessary to provide a sufficient length 
of insulating section between the two, 
so as to make the electrical resistance 
of the mud path relatively high. 

The insulated drill collar is illus- 
trated in Figs. 6 and 7. It is essentially 
constructed in two parts—the main 
insulated steel body and the top steel 
sub. The main steel body of the drill 
collar, with the exception of the 
bottom tool-joint box where the bit is 
screwed, is knurled over its entire outer 
surface. The short section at the bot- 
tom is left exposed for “tong” space, 
and it, together with the bit, consti- 
tutes the electrode. A jacket of can- 
vas-laminated bakelite 34-in. thick is 
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moulded onto this outer surface. A 
bakelite tube is mounted in the bore. 
The two bakelite sections are then 
joined around the top to insulate the 
upper end. This, so to speak, places the 
main steel body in an envelope of in- 
sulation. The top end of the bakelite 
jacket is threaded for 16 in. on a taper 
of 1 in. per ft., with sharp “V” threads 
of 8-pitch. The top steel sub is made 
to screw onto these bakelite threads, 
which must be able to withstand all 
the strains of drilling, just as any other 
threaded joint in the drill stem. The 
top sub is screwed on very tightly at 
the mill and is never taken off in the 
field. The upper end of the top sub is 
a tool-joint box, in which a male ter- 
minal is mounted and properly con- 
nected and insulated by a lead running 
to the top end of the main steel body. 
The main body serves as the conductor 
the rest of the way to the bit. 


The steel of the top sub is separated 
from the steel of the electrode by an 
insulating section 10 ft. long. This is 
amply sufficient to obtain correct re- 
sistance measurements even when the 
resistivity of the drilling mud becomes 
quite low. While drilling, this outer 
10 ft. of bakelite jacket is exposed and 
is subject to wear against the walls of 
the hole. In the course of drilling the 
six test wells, the two drill collars 
originally constructed have each been 
covered three times. A record of these 
bakelite jackets in service is shown in 
Table 2. Five bakelite jackets have 
been used, but two of them have not 
been completely worn out. By estimat- 
ing a correction factor and adjusting, 
a figure of about 7500 ft. of hole per 
jacket is obtained. This figure is quite 
satisfactory and with time and experi- 
ence it may be reasonably expected to 
be improved upon. 

The Kelly and Kelly Subs. To 
complete the drill stem it was neces- 
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Fig. 6. Bakelite-insulated drill col- 
lar—7 in. O.D. by 14 ft. long and 
10 ft. of exposed bakelite-insu- 


lated section 













































sary to construct a special kelly and 
special kelly subs. A small circular 
tube was welded into the outer surface 
of a square kelly to form a conduit for 
holding a length of cable. At the upper 
end the cable comes out into the open 
where it can be attached to the brush 
box. At the lower end the cable passes 
through a stuffing box into the inside 
of the drill stem where it is connected 
to a terminal, Two kelly subs were 
made, each being equipped with a pair 
of terminals and a short length of 
cable for connecting them together. 
Provisions were made for protecting 
the cable and holding it out of the 
mud stream. 

Miscellaneous Equipment. A 
brush box was made to mount on the 
kelly immediately below the swivel. It 
may be seen in Fig. 7. The brush box 
is a unitized assembly containing a col- 
lector ring and a set of brushes. The 
main lead of the recording circuit 
comes from the trailer to the derrick, 
runs up the standpipe, is taped to the 
rotary hose, and extends across the 
swivel and into the brush box. Here 
it connects to the brushes. The section 
of the brush box upon which the 
brushes are mounted is kept from ro- 
tating by arms projecting downward 
from the swivel. The collector ring 
rotates with the main body of the 
brush box and is connected to the 
main circuit lead from the kelly. 

It is necessary to provide means for 
driving the recording meter chart and 
for keeping it in step with the down- 
ward progress of the bit. Autosyn 
motors are used for this purpose. The 
transmitter motor is fixed to the end 
of the drawworks drumshaft and is 
rotated as the pipe is raised and low- 
ered. The autosyn receiver is attached 
to the chart mechanism of the record- 
ing meter in the trailer. This serves to 
drive the chart in synchronism with 
the advance of the bit as the hole is 
drilled. Means are supplied for cali- 
brating the motion, to provide for dif- 
ferent sizes of drums and different 


Fig. 7. Brush box mounted on kelly 
just below swivel. Bakelite-insulated 
drill collar on right with bit attached 
ready to run in hole. Testing panel 
and telephone are mounted on wall 
of house just to right of kelly joint 





are in the recording trailer, and test- 
ing and operating panels on the der- 
rick floor. Signal lights at both places 
indicate to the operator and to the 
driller correct or incorrect function- 
ing of the several parts of the equip- 
ment. Master controls for the main 
circuit and for the recording and test- 
ing apparatus are in the trailer. 


Conclusions 


The drill stem and equipment that 
have been constructed have proved 
particularly applicable to drilling and 
to rotary rig operations. During drill- 
ing of the first few wells, considerable 
trouble was experienced with the 
equipment. This caused a material in- 
crease in drilling time. The source of 
the trouble was later found and the 
trouble corrected. Drilling time is now 
affected in an almost negligible degree. 
The equipment has given good service. 
A few repairs and replacements have 
been made, but for the most part the 
equipment appears to be little affected 
by the demands of service it has thus 
far met. It is reasonable to expect that 
the life of the special drill stem with 
its electrical assembly will equal that 
of standard drill pipe. 

Electrical logging while drilling ap- 
pears to have several definite advan- 
tages. Some are quite tangible whereas 
others are intangible. All apply more 
or less to the drilling of wildcat wells 
and also to the drilling of proven 
structures that are unusually difficult 
to explore. Among the most important 
advantages of continuous electrical 
logging are: it is an invaluable aid in 
conducting an intelligent coring pro- 
gram; contact points and breaks in 
the formation can be instantly detected 
as the bit drills by; data that indicate 
the nature and characteristics of the 
formation being drilled, are continu- 
ously and instantly available for 
subsurface correlation while drilling is 
in progress. The availability of this in- 
formation, coming to hand immedi- 
ately and continuously, should be of 
great assistance in answering the many 
difficult questions arising in present- 
day deep exploratory well drilling. 





TABLE 2 
Insulated Drill Collar Service Record 





Bakelite Drilled 


Est. 





Drill Jacket Well 


percent | Adjusted Remarks 


worn | footage 


Collar No. To | Total 
: . = . ft. ft. 
sizes and spoolings of the drilling ca- i 


out 





Gulf Coast (soft) 
Gulf Coast (soft) 
Gulf Coast (soft) 


iy No. 2 Smith. ... 5155 3913 
. 1 Emmott.. 5203 3995 


ble. For operation by the driller, a 
. 1 Silberberg. 4467 3254 


switch is provided that controls the 
motors. By turning the motors on and aaa nae 
off at the proper time when making a vo. 1 Kleiner. . . 1139* 2,278 | North Central Texas (hard-chert) 
connection the chart is kept continu- . 10 Berk. ... 3945t 13,150 | East Texas (soft) 

ously in proper footage relationship to . 2 Knight... 4690 
the depth of the hole. See... 1165 


Autosyn motors require alternating aad 

current. As this is not usually avail- - 4 Silberberg. 945 
° . 1 Kleiner... 4221 

able around rotary rigs, a small 300- 
watt gasoline engine generator is used — 
to supply the current. Two of these y none 
generators are kept with the equip- Adjusted Average 
ment in order to have a standby in 
case one fails. 





Central Oklahoma (hard) 
Gulf Coast (soft) 


Gulf Coast (soft) 
North Central Texas (hard-chert) 



































*Discarded prematurely. 
tStill serviceable. 
Note—On each original drill collar the insulation covering was renewed three times. 








An instrument and control panel 
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1. Forged steel throughout: heat-treated 
alloy steel gate. 


2. All parts subjected to wear are of heat- 
treated alloy steel. 


3. Inexpensive resilient flow-way insert.* good for long 
service, absorbs cutting action and can be replaced 
in the field with ordinary rig tools...in a few minutes. 


» No metal-to-metal seal. Resilent insert provides pressure-tight seat for gate. 
readily embedding cuttings or other foreign matter. 


. Interlocking shoulders and grooves between body and hubs permit valve to swivel 
like a union when making up in a manifold. 


- Body may be quickly fitted with flanged, threaded, welded-on, or any special hubs 
desired. 


- Indicating stem shows position of gate at all times. 
. Available in 2”, 3”, and 4” sizes, 6,000 lbs. test pressure. 








*2" size, $5.50; 4” size, $9.50. 
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GIVEN: Pump with 43° blungers. 


@® REQUIRED: Displocemen? of 
pump with 4° plungers. 
a. Connect +8" diameter with 
100% displacement. 
b. Drew perallel line through 
4" diameter. 
Read 179% displacement. 
@Reauireo: Plunger diometer 
necessary fo increase displace- 
ment 20%. a 
a. Draw line parallel to 435 ~ 
100% line through 120% on 
displacement scale. 
Read 432 (approximate). 
Very likely 5” diameter 
plunger size would be 
recommended. 
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PRECIPITATION 


PATENTED 


STRENGTHENING 


Juswnres 
LONGER SUCKER ROD LIFE 


Completely heat-treated... D + B’s new RELIANCE 
Sucker Rods receive a patented, precipitation 
strengthening treatment from end to end. This 
unique process affords increased strength for heavier 
well loads and a longer service life without produc- 
ing the usual corresponding loss of toughness. 


Recommended for heavy duty pumping and the 
most corrosive fluid conditions, the RELIANCE 
Rod offers more dollar-for-dollar value than ever 
before possible. Your Continental representative has 
complete information. Ask for descriptive literature 
today. 


THE CONTINENTAL SUPPLY COMPANY 
General Offices: DALLAS, TEXAS 
Export Office: CONTINENTAL EMSCO CO., Inc. 
30 Rockefeller Plaza New York e. Bs 


Representatives: 


LONDON TRINIDAD MARACAIBO TAMPICO BUENOS AIRES 
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SERVING THE OIL AND GAS INDUSTRIES 
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Construction Features of High-Pressure 
Absorption-Type Natural Gasoline Plant 





N December 1 the Arkansas Fuel 

Oil Company placed in opera- 
tion its Bistineau gasoline plant. The 
plant site is on a ten-acre tract of the 
Sam Carter farm and is approximately 
8 miles north of Ringgold, Louisiana. 
Only one-half mile away is Lake Bis- 
tineau, a famous fishing grounds for 
sportsmen of the Arkansas-Louisiana- 
Texas area. 

Construction of the plant began 
October 5, and due to unusually fine 
weather, progress was rapid. One of 
the first problems facing the com- 
pany’s engineering personnel was the 
high pressure at which it was neces- 
sary to operate the plant. A second 
problem was to find a practical method 
of handling the gas and liquid pro- 
duced by the six gas-distillate wells 
feeding the plant. One of these wells 
has an open flow of approximately 
150,000,000 cu. ft. per day. 

The main gathering line is a 10-in. 
welded line and upon arrival of the 
gas and liquid at the plant a separation 
is effected by two high-pressure separa- 
tors. Inlet gas pressure is regulated and 
controlled by equipment designed for 
1000-lb. pressure. 


The plant proper is of the conven- 
tional absorption type and two 41/2- 
ft. by 44-ft. vertical high-pressure ab- 
sorbers treat the gas after it has been 
measured by three 8-in. meters. The 
gas is discharged through three 8-in. 
outlet meter runs laid parallel to the 
inlet meters. Back-pressure equipment 
is installed on the outlet meter runs to 
maintain 450-lb. operating pressure. 
Gas is delivered into the 14-in. main 
line of the Arkansas Louisiana Gas 
Company for domestic and commercial 
distribution. 


Rich oil from the high-pressure ab- 
sorbers is trapped into a surge tank 
that also receives the distillate trapped 
from the inlet separators. This en- 
riched oil is passed through a steam 
distillation unit and the overhead 
vapors condensed by two atmospheric- 
type condensers installed in the base of 
the cooling tower. Gasoline produced 
here is accumulated in a 6-ft. by 
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cu. ft. of gas per day 


12-ft. horizontal vessel that also serves 
as a raw charge tank for the stabilizer. 
After being stripped in the steam 
still, the lean oil is trapped into a hori- 
zontal direct-fired preheater and 
charged to a 36-in. by 30-ft. naphtha 
still. A novel arrangement of controls 
on the naphtha still governs the speed 
of a turbine-driven centrifugal pump 
that takes oil from the steam still ex- 
changer and discharges it through an 
initial cooler, thence to an atmos- 
pheric-type cooler in the base of the 
cooling tower. 
The overhead from the naphtha still 


Plant in Bistineau field, Louisiana, supplied by gas- 
distillate wells, has capacity of 25,000,000 to 30,000,000 


By D. H. HUFF, Plant Superintendent, 
and DON ATTAWAY, Arkansas Fuel Oil Company 





passes through a conventional water- 
cooled condenser and into the accumu- 
lator. A duo-gravity trap on this ac- 
cumulator discards the water and the 
finished naphtha is delivered to a 10- 
ft. by 40-ft. storage tank. 

An interesting sidelight is that 
throughout the entire flow system to 
this point not a single pump is re- 
quired except to pump the lean oil 
through the cooler. Full advantage was 
taken in design to utilize pressures as 
a prime motive power. Likewise the 
vapor recovery is almost complete, 








D. H. HUFF 


graduated from Texas A. and M. 
College in 1933—Entered the serv- 
ice of the Arkansas Natural Gas 
Corporation in 1933—Served as 

chemical engineer at East Texas 
gasoline plant until September, 1935 
—Accepted a position in the com- 
pany’s engineering department and 
remained until February, 1937—Re- 
turned to the East Texas plant as 
plant engineer and remained there 
until July, 1938—Promoted to super- 
intendent of Rodessa gasoline plant 
and in October, 1939, was appoint- 
ed superintendent of the Bistineau 
plant. 
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DON ATTAWAY 


began his career in the oil industry 
with the Dixie Gulf Gas Company 
as timekeeper in the Waskom dis- 
trict, January, 1928—Entered the 
payroll department of United Gas 
Company late in 1929 and worked 
there until he accepted a position 
with Arkansas Fuel Oil Company in 
September, 1930, in the gas account- 
ing department—Worked successive- 
ly as meter man, loading rack man, 
and utility man in the East Texas 
natural gasoline plant—Took an ac- 
tive part in the construction and 
operation of the Jefferson, Sligo, and 
Shreveport gasoline plants of the 
company. 








——— 
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Overhead view of the gasoline and 
naphtha distillation units; absorbers in 
far background, and stabilizer in 
middle background 


ror rrr rer - 





even the boilers being fired with fuel 
from the rich-oil tank vapors. 


The stabilizer is a 18-in. by 56-ft. 
unit of customary design and at pres- 
ent is manufacturing an 18-lb. Reid 
vapor pressure product that is de- 
livered into three 10-ft. by 40-ft. 
storage tanks. 


Steam for plant power is generated 
by four 115-hp. oil-field type boilers 
operating at 150-lb. pressure. These 
boilers are equipped with automatic 
feed-water regulators and boiler-fuel 
controls. Two 72 by 5 by 6 recipro- 
cating pumps pump the boiler-feed 
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water, which is preheated in an un- 
usual heater designed from a reclaimed 
cheese-box still. All turbine exhausts 
discharge into a return steam line that 
feeds the heater and a cold water 
make-up line passes through a steam 
heater. 

Water for plant use is obtained 
from two water wells drilled approxi- 
mately 200 ft. deep. Gas-lift delivers 
the water to a separator on the west 
side of the cooling tower. 

The cooling tower is of unusual de- 
sign and arrangement, having both a 
hot and cold water section in its basin. 
A dividing wall is in the center of the 
tower and on one side the water falls 
through the tower and over an oil 
cooler and two gasoline condensers, 
making a reservoir of hot water in this 
end of the basin. Through the other 
side of the tower cold water falls into 
the basin and is picked up by a 10 by 
12 reciprocating pump and circulated 
to the still and stabilizer condensers. 
This’ water returns through a riser to 
the top of the cooling tower. Two tur- 
bine-driven centrifugal pumps having 
a capacity of 600 gal. per min. pick up 
hot water from the other basin and 
discharge it into this same riser. 

Lighting for the plant is produced 
by a 35-hp. turbine driving a 15-kw., 
115-volt d-c. generator and modern 
floodlights are strategically placed to 
illuminate each individual unit. 

The plant is very compactly ar- 
ranged. The pumping equipment has 
been centrally placed in one unit and 
convenient standby connections are 
provided. Adequate consideration has 
been given to future expansion, and 
repairs or future extension of any unit 
may be made without the customary 
complete shut-down. 


The plant’s gasoline production is 
pumped by a 10 by 6 by 12 reciprocat- 
ing pump through 31 miles of 2-in. 
welded line to a five-car loading rack 
constructed on the S.L. B. & S. rail- 
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Absorber battery and outlet scrubber 





way. By blending naphtha and natural 
gasoline at the plant, an excellent mo- 
tor fuel is produced that is moved by 
tank truck from the plant to the rack 
where it is loaded and shipped. Due to 
the quantity of fluid received at the 
plant along with the gas, a surplus of 
absorption oil is available after the 
usual stripping and this, too, is shipped 
by tank truck. 

The entire plant is equipped with 
modern recording-controlling devices 
and all safety features possible have 
been incorporated in the construction. 
Latest fire-fighting equipment is placed 
at strategic points. At the present time 
25,000,000 to 30,000,000 cu. ft. of 
gas per day is being treated and a yield 
of 275 to 300 gal. per million is ob- 
tained. 

A credit to the engineering depart- 
ment of the Arkansas Fuel Oil Com- 
pany is the fact that this plant was 
constructed without a single lost-time 
accident and only two minor injuries 
were sustained by workmen. 

Pictures of the plant shown herewith 
were taken before the construction was 
entirely completed or any of the units 
painted in the customary aluminum 
and black color scheme of the com- 
pany. It is believed that after the usual 
landscaping and paving, the plant will 
be one of the company’s most attrac- 
tive properties. 





Battery of storage tanks 
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A burly new chief of police, intro- 
ducing himself to his subordinates, 
boasted, “I can lick anybody on my 
force.” A still burlier officer stepped 
forward and said, ‘You can’t lick me.” 
The chief eyed him for a moment, and 
then waved him aside, “You are no 
longer on my force.” 

a 


Neighborhood Gossip: And your hus- 
band has a prosperous business, I sup- 
pose. 

Mrs. Newbride: Oh, yes, he is taking 
in a lot of money. Only last night he 
told me a receiver was to be appointed 
to help him. 

a eZ 

“What happens to the girls who 
wear cotton stockings?” 

“Nothing.” 

, # # 

Rastus: Say, Sambo, what time in yo’ 
life does yo’ think yo’ was scared de 
worst? 

Sambo: Once when Ah wuz callin’ 
on a henhouse an’ de farmer come in 
an’ ketched me. Boy wuz Ah scared. 

Rastus: How am yo’ suah dat was 
de worstest yo’ evah bin scared? 

Sambo: Cause de farmer grab me by 
de shoulder an’ he say, ““White boy, 
what yo’ doin’ here?” 

yf 

In Atlanta it wuz Mabel, 

In Mobile her name wuz Flo, 

Cincinnati it wuz Dolly, 

Betty Jane in Buffalo. 

In old Philly it wuz Mary, 

Down in Tampa it wuz Jean, 

But on the w.k. swindle sheet 

It wuz “Meals an’ Gasoleen.” 

oS v.28 

Mountaineer’s wife: “Quit bein’ so 
nervous and fidgety, Paw, you’re pull- 
in’ yore shoes up over your knees.” 

fof? 

Office Manager (to new office boy) : 
Has the stenographer told you what to 
do in the afternoon? 

New Boy: Yes, sir; I was to wake 
her up when I saw you coming. 

yf . 

An angler who had been trying to 
hook something for several hours was 
sitting gloomily at his task when a 
mother and her small son came along. 
“Oh”, cried the boy, “let me see you 
catch a fish!” Addressing the angler, 
the mother said severely, ““Now, don’t 
catch a fish for him until he says 


‘Please’!”? 
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The flapper had brought out her last 
winter’s fur coat and was gazing at it 
disconsolately, surveying the big gashes 
in the lining, and the other places in 
need of repairs. 

“Gosh, wonder what I’ll have to do 
for this fur coat?” she remarked to her 
roommate. 

“Holy Moses!” gasped the other, 
“ain’t you done it yet?” 








EXPENSE REPORT 
Month Ending — October 31, 1939 
Date Amount 
Oct. Advertising for girl 

stenographer —— 
Oct. Violets—new steno ____..- .65 
Oct. Week’s salary for steno- 

EL 
Oct. Roses for stenographer... 3.00 
Oct. Candy for wife... , wT 
Oct. Lunch with stenographer... 6.25 
Oct. Week’s salary for 

stenographer : 
Oct. Movie—self and wife 
Oct. Theatre tickets—self and 

CELLED 
Oct. Candy for wife 
Oct. 20 Stenographer’s salary - 
Oct. Theatre and dinner with 

stenographer 
Oct. Fur coat for wife 
Oct. 23 Advertising for man steno 


20.00 




















A’ missionary society member ap- 
proached Henry, “We are having a raf- 
fle for a poor widow,” she said. “Will 
you buy a ticket?” 

“Nope,” said Henry. “My wife 
wouldn’t let me keep her if I won.” 

i 


A salesman called on an old store- 
keeper who was so hard of hearing the 
salesman had to carry on his part of 
the conversation through writing. 

Salesman: Sorry you’re so hard of 
hearing. How long have you been that 
way? 

Old Man: About 30 years. 

S.: Ever do anything about it? 

O.M.: Yes, saw a doctor and he said 
to quit drinking so much. 

S.: And did you follow the doctor’s 
advice? 

O.M.: Yes, I quit drinking and got 
so I could hear everything that was go- 
ing on. 

S.: How come then you can’t hear 
now? 

O.M.: Well, I liked what I was 
drinking so much better than what I 
was hearing that I went back to drink- 
ing again, 


Judge: The jury having acquitted 
you on the charge of bigamy, you are 
free to leave the court and go home.” 

Prisoner: Thank you, your Honor, 
but I want to be on the safe side— 
which home?” 

a 

The men’s class sat up when the fol- 
lowing announcement was made by the 
pastor: ““The ladies of this church have 
cast off clothing of all kinds. They may 
be seen in the basement of the church 
any afternoon this week.” 

,orf 

The chief engineer and the master 
mechanic had spent the evening to- 
gether. For obvious reasons, the M.M. 
was a little hesitant about going home. 

“Tl tell you what to do if you don’t 
want to disturb your wife,” said the 
chief. 

“When you get in the house, undress 
at the foot of the stairs, fold your 
clothes neatly, then creep quietly up 
the steps to your own room.” 

They met the next morning at the 
plant. “How did you get on?” asked 
the chief. 

“Rotten,” said the M.M. “I did just 
as you told me. I undressed at the foot 
of the stairs. I folded my clothes neatly. 
I crept quietly up the stairs. But when 
I reached the top—it was the elevated 
station!” 

"a 


Our advice on buying just now is 
like that of the Wisconsin expert who, 
after careful deliberation, wired his 
firm: “Some think it will go up and 
some think it will go down. I do, too. 
Act at once.” 

fof 

“Hi say, ’arry, have yer got 
lices?” 

“**Ead lices?” 

"No, shoe lices!”’ 


. ££. € 

The barber was dark and swarthy, 
his eyes black and sparkling. It was evi- 
dent that he was descended from Latin 
stock. 

“What do you think of the Italian 
situation?” he inquired of the cus- 
tomer. ““What is your opinion of Mus- 
solini?” 

“The same as yours,” replied the 
man in the chair. 

“But how do you know my opin- 
ion?” inquired the startled barber. 

“I don’t,” admitted the man, “‘but 
you have the razor.” 
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PURCHASE 
ELECTRI 


...never lets you down — not even 
during a blizzard. The temperature 
may be zero or lower, but. Electric 
Power is right there to serve you the 
instant you push the switch. 


There are many more advantages, too. 
For example, installation, maintenance 
and operating costs are lower; equip- 
ment is easier and costs less to move 
from one Iccation to another; and has 
greater salvage value. Only the exact 
amount of power required is used and 
only that quantity is paid for — no lost 
power, no waste. 


Your nearest Electric Power Company 
will gladly show you how Purchased 
Electric Power can increase your 
profits. Ask them for facts concerning 
your power problems — today! 
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Foxboro Air-Operated 
Potentiometer Recording 
Controller 


NEW series of potentiometer re- 

cording controllers has been an- 
nounced by The Foxboro Company, 
Foxboro, Massachusetts, incorporating 
three features said by the manufac- 
turer to be unique in instruments of 
this kind. These features are (1) an 
improved detecting mechanism, (2) a 
new integral recording and control 
mechanism, and (3) a new control 








system to provide maximum flexibility 
of use. Open-and-shut action or throt- 
tling action, with or without auto- 
matic reset, is available in the air-oper- 
ated models of the new series of con- 
trollers. 

In order to obtain a more sensitive 
detecting mechanism than that re- 
quired for recording (a requisite for 
good control action), a single, cali- 
brated detecting cam is used. This cam 
will sense deflections of the galvano- 
meter pointer of less than 0.0001 in. 
without lost motion. By positioning a 
friction roller, the cam positively de- 
termines the movement of the integral 
slide-wire contact, recording and con- 
trol actuating carriage, it is stated. 

Coérdination of measuring, record- 
ing, and controlling operations is 
achieved by an integral recording and 
control mechanism. The slide-wire 
contact, recording pen, and cam fol- 
lower actuating the control cam are 
assembled as a unit on the same rigid 
carriage. By employing an integral 
mechanism, the need for linkages, belts 
or gears to transmit the position of 
one unit to the others is eliminated. 
Guaranteed accuracy is % of 1 per- 
cent of scale range. 

The control system is affixed di- 
rectly to the shaft of the cylindrical 
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control cam; the resultant compact, 
self-contained unit requires no link- 
ages. The rotary motion of the con- 
trol-camshaft makes for extreme sim- 
plicity in providing for the type of 
control required by application condi- 
tions. 

The new controller is highly acces- 





sible—the entire mechanism can be 
pulled forward out of the case and 
every moving part can be removed or 
replaced by an inexperienced operator 
standing squarely in front of the case. 
In addition to this advantage, this con- 
struction allows the use of anti-vibra- 
tion rubber-cushioned mountings 
within the case, assuring good per- 
formance under all industrial condi- 
tions, the manufacturer asserts. Rou- 
tine adjustments for standardizing the 
circuit are made without opening the 
door. 

For further information address The 
Foxboro Company, Foxboro, Massa- 
chusetts. 








G-E Multiple-Operator Welding Sets 


EDESIGN of General Electric 
Company’s 1500-amp. constant- 
potential arc-welding sets for multiple- 
operator and machine welding has re- 
sulted in more compact construction, 
lighter weight, improved appearance, 
and greater ease of installation, the 
makers state. In addition, the improved 
equipment has the control for the mo- 
tor and generator mounted on the 
base, making for greater convenience 
for the operator. 


Constant - potential motor-generator 
arc-welding sets are especially suited 
for supplying the heavy current de- 
mands of modern automatic welding 
and the exacting requirements of pro- 
duction hand-welding by a number of 
operators, it is asserted. When a num- 
ber of operators are to be supplied 





from one set, advantage can be taken 
of the fact that the average hand- 
welding operation is not continuous. 
This diversity factor of the welding 
load allows the use of a smaller-capac- 
ity set in supplying a given connected 
load than would be required if each 
operator were supplied by a separate 
set, and because one large machine sup- 
plying a number of welding stations 
can operate at all times near its most 
efficient load point. 

The sets are equipped with standard 
driving motors for operation on direct 
current, or on polyphase alternating 
current at any commercial voltage. 
Synchronous driving motors may be 
used to obtain plant power-factor im- 
provement. This often results in mate- 
rially reduced power bills. 
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MACHINERY and EQUIPMENT 





Cardwell Model L Drawworks 


HE Cardwell 

Manufactur- 
ing Company, 
Wichita, Kansas, 
announces an ad- 
dition to its line, a 
Model L slim-hole 
or workover draw- 
works developed 
especially for slim- 
hole drilling and 
workover jobs. 
This new, light- 
weight draw- 
works, driving 
from a hydraulic 
transmission 
through a “Card- 
well Speed Drive,” 
operates like a 
steam rig. The en- 
tire range of engine power is constantly 
available at maximum speed without 
shifting gears, 

The hydraulic transmission sprocket 
drives to an auxiliary shaft on which 
three “Cardwell” built friction clutches 
are mounted. The “Hi-Lo” drive, con- 
sisting of two of these clutches with 
sprockets driving to the countershaft, 
makes it possible to instantly double 
the line speed. The third friction clutch 
operates the rotary table drive and is 
supplied with clutch brake for stopping 
the table. 





Air controls operate the two “Hi- 
Lo” friction clutches, rotary table drive 
friction clutch, and the countershaft 
brake. 

Either of the new, dual, fully-equa- 
lized, single-adjustment brakes will 
automatically hold the full capacity 
load should the other brake fail, it is 
stated. 

Model L drawworks is for rotary 
drilling to a depth of 4500 ft. using 
3¥,-in. drill pipe or to 3500 ft. using 
4¥,-in. drill pipe, and for workover 





jobs to 8000 ft., using 2'4-in. tubing. 





Grinder 


NGERSOLL-RAND Company an- 
nounces a new, Size 500, combina- 
tion drill steel cutter and shank 
grinder. Designed for solid or hollow 
steels to and including 1'%4-in. hex- 
agon, round or quarter octagon, it cuts 





the steel cleanly and squarely in only 
a few seconds without burning, the 
makers assert. A quick-acting, self- 
locking vise holds the steel rigidly on 
both sides of the cut. 

The unit can be readily changed 
from a cut-off machine into a shank 
grinder by removing the cut-off wheel 
and substituting a grinding wheel. As 
a grinder it can be used for squaring- 
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up striking faces of the shanks of drill 
steel, moil points, chisels, and the strik- 
ing end of rock-drill pistons. 

For further details zddress communi- 
cations to Ingersoll-Rand Company, 11 
Broadway, New York City. 





Reversible Ratchet 


RMSTRONG Bros. Tool Com- 
pany, 331 North Francisco Ave- 

nue, Chicago, Illinois, announces a 
new miniature reversible ratchet and 





four new drivers for its miniature de- 
tachable head wrenches. The reversible 
ratchet, which is only 4 in. long, is 
machined from special chrome-vana- 
dium steel finished in chrome plate. 
The ratchet is of improved design hav- 
ing hardened gear and instant revers- 
ing thumb switch. The four miniature 
drivers added to this series are: Flex- 
ible head handle, a screw-driven type 
extension spin-grip that permits lock- 
ing head so that it can be used also as 
a spinning extension, and long and 
short extensions. 





OFAIN 


STEEL TAPES 
FOR THE 


OIL INDUSTRY 


If you wantthe 
world’s best gaping 
tape, the Lufkin 
Atlas” shown here 
is the one for you. 
It will outlast any 
other tape made, is 
easy to handle and 
easy to read. 


And you'll get no 
less in value if you 
need a steel tape for 
other purposes. No 
matter whether you 
select a tape for 
Tank Strapping, 
Derrick Measuring, 
or for general use, 
youll find a Lufkin 
especially suited for 
the job. 


Your dealer will be 
happy to show you 
the various patterns. 








WRITE FOR FREE 
COMPLETE CATALOG 


Wd ths h 


SAGINAW, MICHIGAN New York City 


TAPES - RULES - PRECISION TOOLS 
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Derrick Permits Racking of 


More Pipe 

N THE latest designed Type “R” 

Emsco steel derrick, optional side 
elevation of which is shown here, the 
manufacturer asserts a further im- 
provement over previous types designed 
to provide greater pipe-racking capac- 
ity without resorting to higher der- 
ricks, 

This increased racking area is made 


Fig. | 














EXTENDED 
BRACING 
TO ACCOM |B 
MODATE FORA 
ADDITION. 
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possible in the Type “R” by means of 
an optional special set-back extension 
outside the derrick legs, as illustrated in 
detail by Fig. 1; and is accomplished 
without sacrificing strength, rigidity, 
or the high factor of safety essential 
in mcdern deep-drilling procedure, ac- 
cording to the manufacturer. In all 
other respects the derrick is standard, 
having standard base and crowns; per- 
mitting the use of standard construc- 
tion procedure, standard sub-struc- 
tures, and standard equipment through- 
out. 

The patented extension permits rack- 
ing from 331% to 50 percent more 
pipe than is possible in a conventional 
derrick, it is stated, as shown by Fig. 
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Fig. 2 


2. It can be provided for derricks of 
any size. 

According to the manufacturer, the 
Type “R” is the result of continued 
deeper-drilling practices, with the re- 
sulting longer strings, larger and 
heavier equipment throughout the der- 
rick, all of which have reduced the 
available space in standard rigs very 
materially. The company has been per- 
fecting and field-proving the special 
set-back extension for several years, 
and it is now available for the Type 
“R” Derrick as optional in all sizes and 
capacities. Complete details may be ob- 
tained by communicating with Emsco 
Derrick and Equipment Company, Los 
Angeles, California; Houston or Dallas, 
Texas. 


United Supply Adds Two 
Pumping Units 


HE United Supply and Manufac- 

turing Company, Tulsa, Okla- 
homa, has added to its line two new 
oil-well pumping units. These two 
units are listed as TD5S and TD20S. 
The TDS5S has a 5.4 A.P.I. nominal hp. 
rating at 20 s.p.m.; 26,500 in-lb. A.P.I. 
peak torque; twin-crank, double-re- 
duction, herringbone continuous-tooth 
gears; 18-in. to 24-in. polished-rod 








stroke; 6450 lb. A.P.I. walking beam 
capacity. Counterbalance is optional, 
and can be had in the beam or rotary 
type or a combination of both. Coun- 
terbalance weights are of approxi- 




















TD5S Unit 


mately 100 lb. each, and can be easily 
added. The units have fully equalized 
pitmans. Wristpin is equipped with 
Shaffer self-aligning roller bearings. 
The oil-bath center and equalizer bear- 
ings are of S.A.E. 64 bronze. 

The United Type TD20S pumper 
has 19.7 A.P.I, nominal hp. rating, 
97,500 in-lb. peak torque, double-re- 
duction, overall gear ratio 26.2 to 1, 
herringbone continuous tooth gears, 
clamshell brake, high and intermediate 
shaft, and is equipped with Hyatt high- 
load roller bearings. Crankshaft bear- 

















TD20S Unit 


ings are S.A.E. 64 bronze. All exposed 
shafts are equipped with Chicago raw- 
hide seals, all bolts are of high-tensile 
steel and have nut and lock nuts. 
Cranks are split hub alloy iron. The 
counterbalance is of the rotary type; 
100-lb. insert weights can be easily 
added. The walking beam has an A.P.I. 
capacity rating of 15,750 lb. Polished- 
rod stroke is 24 in.-34 in., 44 in.-54 
in. The wristpins taper and are 
equipped with Shaffer self-aligning 
roller bearings. The oil-bath equalizer 
and center bearings are of S.A.E. 64 
bronze. Pitmans are fully equalized. 
The samson post, four post, and 
welded-in jigs are reinforced with gus- 
sets and braced for rigidity. All bolts 
have nut and lock nuts. 
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HEAT WITHOUT FLAME 


When Burning Gases of Varying Heat Values 


John Zink Bi-Mix Burners are so installed 
that all air entering the firebox passes 
through the radiating arm spiders, making radiating arm of the spi- 
an efficient steam generator. The fuel to der insure quick and 
these burners is often switched from natural thorough mixing of gas. 
gas, to residue, to propane without adjust- 
ment. 


JOHN ZINK BI-MIX BURNERS 


are ideal for drilling boilers... 
EASIEST TO BUY 
EASIEST TO INSTALL 
EASIEST TO MAINTAIN 
Trouble Free... Weather-Proof ...Fool-Proof Operation 
Write for Catalog 


Impinging jets on the 


This Flame 
Cannot be Jerked Out 


JOHN ZINK BURNERS 


4401 S. Peoria Ave., TULSA, OKLAHOMA : 342 Madison Ave., NEW YORK, N. Y. 

















‘““TOLEDO’’ HANDY STAND 


WITH No.0 OPEN-SIDE PIPE VISE 


An exceedingly handy vise stand 
and vise assembly. Quickly and 
easily assembled or taken down on 
the job. No legs or connecting brace 
furnished. User makes up legs from 
1’ pipe and connecting brace from 
1%" pipe. Sold with or without tool 
tray or pipe bender. High grade 
malleable iron and heat treated 


steel. Ask your dealer for the low 





Tool tray accommodates oil can, pipe wrench, pipe cutter, stocks and dies. net prices. 
Pipe bender handles pipe up to one inch without kinking. 
Vise holds 4%” to 242” pipe. 


THE TOLEDO PIPE THREADING MACHINE COMPANY 
O Oo 








j LEDO, OHIO NEW YORK OFFICE, 72 LAFAYETTE STREET 
ee 99 
TOLEDO 
TRADE —MARK REGISTERED 
YOU’LL DO BETTER @ WITH A “TOLEDO” 
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Baroid’s Shearometer for 
Field-Testing Gel Strength 
of Drilling Mud 

HE Shearometer has been intro- 
duced by the Baroid Sales Depart- 
ment and is an A.P.I.-approved instru- 
ment for the field determination of the 
shear or gel strength of drilling fluids. 
The Baroid Shearometer set, as illus- 
trated, consists of two 5-gram Shear- 
ometer tubes, a direct-reading scale,and 
a holder. Two Shearometer tubes are 
included so that two determinations 











may be made without having to clean 
and dry each tube after every test. 
The shear or gel strength is deter- 
mined in terms of force per unit area. 
Consequently the scale is calibrated to 
read directly in lb. per 100 sq. ft. in 
a range from 3 Ib. per 100 sq. ft. to 
60 lb. per 100 sq. ft. with the 5-gram 


Shearometer. Readings down to 1.5 |b. 
per 100 sq. ft. are possible by using a 
2.5-gram Shearometer that is also 
available. To use the scale with this 
type, it is necessary to divide the scale 
reading by two to obtain the correct 
gel strength reading. 

To run a test with the Shearometer 
it is merely necessary to place the 
equipment very gently on a quiescent 
surface of the mud sample and allow 
it to sink vertically until it comes to 
rest. The depth of the penetration is 
then measured on the scale and the 
gel strength read directly therefrom in 
lb. per 100 sq. ft. 

The Shearometer not only affords a 
simplified means of determining the 
gel strength of drilling mud but has 
the added advantage of being able to 
measure the mud’s resistance to the 
settling of an object through the mud. 
This resistance is comparable to that 
offered by the mud in the system in 
opposing the settling of cuttings. 

Further data on construction of the 
Shearometer and its proper use, as well 
as prices, can be obtained from Baroid 
Sales Department offices at Los An- 
geles, California, Houston, Texas, and 


Tulsa, Oklahoma. 


End Shields for U. S. Motors 


. S. Electrical Motors are now 

available with unimount end 
shields. These end shields have a flat 
surface to facilitate the mounting of 
pumps and other directly driven equip- 
ment and for mounting magnetic 
brakes. They may be assembled on 
either end of the motor and can be 
used to mount a footless motor to a 
machine frame if desired. 

The unimount end shields may be 
obtained in a number of standardized 
outside diameters, mounting machine 
fits, and bolt circles. They are also 
available unmachined, which allows 
the user to machine the mounting di- 
mension to suit his particular unit. 

Unimount end shields eliminate the 
necessity for an adapter, save mount- 
ing time, provide Uniclosed Drip- 
Proof protection for the motor, con- 
serve space, and harmonize with both 
the motor and the application, the 
manufacturer states. 

Further information is obtainable 
from U. S. Electrical Motors, Inc., 
Dept. 106, 80 34th Street, Brooklyn, 
New York. 











sold on a guaranteed satisfaction basis. Get the details — write today. 


THE CLEVELAND TRENCHER COMPANY 


"Pioneer of the Small Trencher’’ 


20100 St. Clair Avenue 


One important "'Cleveland’’ idea that adds to the versatility of performance is 
illustrated at right— low cost transportation, at truck speed, via special trailer — 
"'Clevelands’’ load or unload in 10 to 15 minutes. 


“CLEVELANDS” Save More — Because they Do More 


112 


Construction. 


LOW COST 6 


Put ‘“CLEVELANDS’’ 
“On the Line’ 


If it's results you're after, you'll get them with 'Clevelands.” 
"Clevelands” go through delivering maximum performance 
at surprisingly low costs. And there’s a reason—correctness 
of design, alertness to field requirements, plus Quality of 


Time-tested, time-proven, compact, fast, flexible, stream-lined 
for light weight, easy to move around the country, yet rugged 
and abundantly powered, ‘‘Clevelands” have the built-in 
qualities to enable you to get pipe line in the ground quickly, 


with least "times-out’” and at lowest cost. "Clevelands” are 


Cleveland, Ohio 
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MACHINERY and EQUIPMENT 
rs Ideco Sentinel Power — to drive the machine after a Switch is a safeguard against damage 
: . reak occurs. to all parts of the machine because it 

Ww Cut-out Switch The working principle of the switch — shuts-off the power immediately if the 

nd HE Ideco Sentinel Power Cut-out is simple. It consists of a pivoted arm ___ rods break or a part fails, the makers 

at Switch, manufactured by Inter- that is held in the operating position state. 

of national Derrick and Equipment Divi- ary od a ie ping vet pe 

p- sion, International-Stacey Corporation, en the force on the arm exceeds the 

‘ic Columbus, Ohio, is pene > on force of attraction in the magnet, the Rotary Hose Features 

on wells where rod-string breaks are fre- | arm drops by gravity and a mercury Built-in, Leak-proof 

be switch grounds the magneto in an in- Coupling 

a ternal-combustion engine or de-ener- 
gizes the magneto switch of an electric WO TYPES of rotary hose for use 

he motor. The Sentinel Power Cut-out in rotary drilling operations, dis- 

ed Switch is a non-reclosing switch. When tributed by The Continental Supply 

a the arm drops it is held in the disen- | Company, Dallas, Texas, now feature 

«i gaged position by gravity. the incorporation of a built-in, leak- 

< One of the most valuable features proof coupling. , 

i of the switch is the provision for ad- This hose and coupling, according to 
justing its sensitivity. This adjustment the announcement, is regarded as an 
is accomplished by moving a weight outstanding development in the his- 

he along the lever arm. A delicate adjust- tory of rotary hose manufacture. 

t- ment is used for deep wells in which Available in both “Super Rough Rider” 

p- the reaction from a rod break is slight. | and “Rough Rider” brands, the hose 

n- The Sentinel Power Cut-out Switch features a coupling that is an integral 

th may be installed on any type of pump- _—part of the product. 

he ing rig without the necessity of special The built-in coupling eliminates the 
field fabrication. It is equipped with necessity of flanges, nozzles, bolts, 

le means for clamping to the flange of a _— nuts, clamps, and hydraulic nipples. 

"y steel beam or bolting to a wooden Made of the toughest alloy steel ob- 

< quent. The manufacturer asserts that beam. The installation consists simply _ tainable, the coupling has been shown 

this equipment has been found to be a _ of attaching the switch to the walking _to be leak-proof in thorough field tests, 

reliable means of protecting pumping beam and connecting the lead wire to __ it is stated. 

equipment from the serious damage so _— the magneto or the magnetic switch. Literature is available from The 
_ frequently caused by the power con- The Ideco Sentinel Power Cut-out | Continental Supply Company. 


MAINTAIN 
muo WEIGHT 


WITHOUT TREMENDOUS LOSSES 
OF MUD-WEIGHTING MATERIALS 


In maintaining desired mud-weight, it is no longer necessary to 
dispose of surplus weighted-mud which has picked up colloids, gas 
and water from the formation. With the new Merco Type A-24 
Concentrator, the weighting material can be concentrated in the 
mud stream. A small flow (10 to 25 gallons per minute) of previous- 
ly desanded, weighted-mud is fed into the Concentrator. Excess 














colloids, gas and water are desanded and the weighting material the Merco Type A-24 Concentrator differs from the Merco Type A-24 
is concentrated up to a density of 120 Ibs. /cu. ft. The concentrates Desander in application and construction. The Merco Concentrator is 


are then remerged with the circulating mud stream, continuously specifically designed for concentrating mud-weighting materials while 
restoring the original ol weight the Desander is designed for extracting sand and cuttings from the 


mud. The Concentrator is constructed for much higher speed, and 
has other refinements not embodied in the Desander. 


Ye TYPE Write Today for Complete Details 
A-2 4 MERCO CENTRIFUGAL CO. 


Division C-1, 343 Sansome Street 
San Francisco, California 


Please send me full details on the New 
| Merco Type A-24 Concentrator. 


Addr 


MERCO CENTRIFUGAL CO., Division C-1, 343 Sansome S., Sen Francisco, California City 
Manufacturers of Merco Type A-24 Desander for Rotary Drilling Mud 

















State—__— 














40 THE PETROLEUM ENGINEER, JAN., 1940 113 








MACHINERY and EQUIPMENT 





Sucker-Rod Wiper 


N inexpensive, effective sucker-rod 
wiper for low-pressure wells has 

been developed by Patterson-Ballagh 
Corporation. A_ replaceable spool of 
wear-resistant rubber is incorporated 
within a housing equipped with either 
a regular cap or a safety cap. Only the 
rubber comes in contact with the 
sucker rod. The rods are effectively 
wiped so that no appreciable oil remains 
on the rod or coupling, the manufac- 
turer states. When the pump reaches 
the surface it is unnecessary to slow 
down because the friction grip of the 


body is released by the slight impact 
against the rubber cushions and the 
wiper follows the pump up into the 
derrick. 

A safety cover is available, having 
a double latch to hold couplings in 
event they start to drop back into the 
well. The body is a friction grip into a 
standard 3-in. pipe, having full clear- 
ance for all size pumps. The same grade 
of rubber used in the manufacture of 
Patterson-Ballagh drill pipe and casing 
protectors is used in this sucker-rod 


wiper. 
Full details may be obtained by ad- 























@) 


C 


ww 
on 
SF 











*~) 


@) ay j 


S 


©) 


@) & 


shown. 


ONROTO) Be 


©) 


®) 
a 
‘@) 


S| 





REFLEX GAGES 


Stand for 
Safety and Accuracy 


They indicate unmistakably the liquid level in 
tanks, towers, stills, etc. 


Ideal for gasoline, kerosene, oil, etc., because— 
no matter what the color of the liquid—the 


EMPTY SPACE SHOWS 
LIQUID LEVEL APPEARS 


ACCURATE at all temperatures and pressures. 
SAFETY assured for men and equipment. 
Easy to install — easy to read. 


Jerguson Transparent (thru vision) Gages are 
used when color and density of liquids must be 


Jerguson Gages are Best 
by every real test. 


Write for catalog 


JERGUSON GAGE & VALVE CO. 


SOMERVILLE 


WHITE 


BLACK 


89 Fellsway 
MASSACHUSETTS 











dressing Patterson-Ballagh Corporation, 
1912 East 65th Street, Los Angeles, 
California. 
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Merla Announces Insert 
Pump Anchor 


ERLA Tool Corporation, 
Dallas, Texas, announces 

a new Insert Pump Anchor. 
This anchor is simple to install. 
It is not necessary to pull tub- 
ing and no derrick is needed, 
a gin pole being sufficient to 
run the rods with the pump | 
anchor attached. 

By using this new Insert | 
Pump Anchor the pump can & 
be set at any depth and reset Sem 
as desired without being re- Ff 
moved from the tubing, it is 
stated. The economy of using | 
the Merla Insert Pump Anchor } 
lies in the fact that the device ¥ 
eliminates a tubing job, it is ") 
pointed out. 

New mechanical construc- § 
tion features, as asserted by the 
manufacturer, follow: 

The fluid area through the 
improved anchor is twice that 
of the previous model. The 
packing sleeve has been short- 
ened and the new controlled 
expansion features added. New 
and heavier hook-wall assembly 
with improved friction springs make 
this anchor easier to set and reset. The 
slotted cone having knurling inside and 
on the tube, gives this new anchor the 
Merla patented hold-down feature 
while pumping. The pump adapter can 
be supplied to fit any standard insert 
pump. 

Price list and engineering data are 
available from the Merla Tool Corpo- 
ration, P. O. Box 2576, Dallas, Texas. 
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